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CHEMISTRY

APPLIED TO THE ARTS.

CHAPTER IX.

On the Combinations of the Sulphuric Acid.

OF all the acids, the solphuric furnishes the

greatest number of saline combinations appli-

cable to the arts ; and as most of these salts

are presented to the hand of industry ready

formed by nature;, it seems probable that to

this cause is owing their extensive, and very

general adoption for such ]turposes.

These salts possess peculiar characters, by

which they are easily recognized.

They are insoluble in akohol, and when

VOL. IV. B



S CHEMISTRY

dissolved in water are precipitated in small

crystals, bj the addition of this liquor.

Heat does not decompose the alkaline sul-

phates ; and in order to separate the acid from

the metallic and earthj sulphates, long con-

tinued and intense heat is requisite.

A watery solution of barytes decomposes all

the sulphates^ forming sulphates of barytes,

which are precipitated.

The sulphates, in general, have an astringent

or bitter taste.

One character, which appears to be pecu-

liar to all the combinations of sulphuric acid,

is the deposition which takes place in their so-

lutions, of a portion of sulphate deprived of the;

water of crystallization, in cases where the

liquid is insufficient to furnish it to the whole

mass; thus, for example, in evaporating the

water taken from the salt pits of La Meurthe,

an abundant precipitation of sulphate of soda

takes place, entirely destitute of the water of

crystallization, while another portion of this

sulphate remains in solution, and crystallizes

on becoming cold.

Sulphate of lime, deprived of its water of

crystallization, has been found in Sweden, the



APPLIED TO THE ARTS. 3

Tyrol, and in different parts of the globe. It

was first discovered in this state by M. Haiiy,

and described by Fleuriau in 1798, in the

Journal de Physique, and Bournon and Che-

nevix in the Journal des Mines. M. Vauque-

lin has given an accurate analysis of this sub-

stance.

It is sufficiently well known, that when a

solution of sulphate of iron, during the process

of evaporation^ is concentrated to 40 or 42° of

Beaume's hygrometer, it becomes turbid and

cloudy^ throwing down a very hard whitish

precipitate, which it is difficult to detach from

the bottom of the vessels ; and this precipitate

is found on examination to be sulphate of iron,

deprived of its water of crystallization, and

which again becomes green on being re-

dissolved.

It appears that when solutions of sulphates

approach such a point, that there is not a suf-

ficient quantity of water to supply wliat may

be necessary for the formation of crystals, that

a portion of the salt is precipitated in a dry

state, in consequence of which the solution in-

dicates from 4 to 6° less on the hygrometer

than before.

« 9
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Another characteristic of the sulphates is,

that almost the whole of (heiu pa^t witi; their

water of crystallization on exposure to a very

moderate heat;, but afterwards become ex-

tremely diilicult of fusion, and only yield their

acid to intense and long continued heat, so

that these salts admit of two different kinds of

fusion. The first we shall terra aqueous, as it

simply consists in the solution of salt in the

water of crystallization by the aid of a gentle

heat; and the other igneous, because it is pro-

duced by veiT intense heat applied to the dried

sulphate.

SECTION I.

0?i the Comoinatiods cfihe Sulphuric Acid with

Fotash.

The most common product of this combina-

tion is the sulphate of pot-ash, known in com-

merce by the name of vilriolatcd tartar, arca-

num duplicainm, sal dc duobus, and vitriol of

'potas

This salt is only employed in medicine, and

apothecaries prepare it by the direct combina-
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tion of fbe acid and alkili. But that wliich

is usually found in the drug:£;ists' shops is pro-

cured from the manufac^vlres of aqua fortis,

and is the residue of the deeoniposition of the

nitrates of potash by sulphuric acid.

This sulphate, which is found in a congealed

mass in the cucurbit after distillation, only

requires to be dissolved in water and suffici-

ently concentrated in order to assume the form

of crystals.

It is sometimes confined during the process

of cooling so as to assume the shape of square

lozenges, or tablets, from four to six lines in

thickness ; and it is under this form that it is

most commonly met w itli in the shops.

This salt has a penetrating taste without

being very disagreeable, it readily dissolves in

the mouth, and cracks under the teeth.

Its crystals are in the form of hexahedral

yjrisms, terminating in hoxahedral pyramids.

These prisms are shorter in proportion to the

greater concentration of the solution.

This sulphate decrepitates on hot coals, but

fuses when the heat is augmented, and is vo-

latilized without decomposition. When ex-

posed to the action qf the blow pipe, it decre-
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pitates with considerable noise, melts, and

flows over the coals which serve to support

it, leaving a reddish or yellow residuum, which

diffuses the odour of sulphurated hydrogen gas

on the addition of an acid. Hence it is evi-

dent, that in this case the acid is decomposed.

The saturated sulphate of potash is not

changed by exposure to the air.

Its constituent principles are combined i»

the following proportions

:

Bergman.
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Water at 60° of Fahrenheit. Boiling water

dissolves between a fourth and a fifth of it.

This salt is decomposable by the salts of

barvtes^ the nitrates and muriates of lime, and

of strontian, and by all the metallic salts of

which the base forms a salt insoluble with

sulphuric acid.

The sulphate of potash is rarely found ready

formed. However, when vegetables are im-

pregnated with pyrites, as we have seeil in

trees buried beneath the surface of the earth,

and sometimes in heaps of plants in a state of

putrefaction, sulphuric acid is produced, dur-

ing their decomposition, which combining

with potash, one of the constituent principles

of these substances forms sulphate of potash.

Bowie affirms, he has observed in Spain, the

sulphate of potash combined with different

earths, and I myself have extracted it by ana-

lysis from the ashes of tobacco.

The younger Rouelle admits a second spe-

cies of sulphate of potash with an excess of

acid, which runs into long slender needle-

shaped crystals, soluble in two parts of water,

at 60' of Fahrenheit. But this preparation,

which is not in general use, only holds an ia-
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termediate degree between the perfect salt and

the first rude attempt, so to speaks towards its

formation.

SECTION II.

On the Combinations of the Sulphuric Acid with

Soda.

The sulphate of soda is of a bitter nauseous

tastej and readily dissolves in the mouth.

It crystallizes in octahedral prisms^, of which

the two pyramids are truncated near their

base. The most usual form is, however, flat-

tened hexangular prisms, terminated by di-

hedral summits.

It boils upon heated coals, without swelling,

parts with its water of crystallization, and falls

down into a white opaque powder, which is

difficult of fusion, and volatilizes when ex-

posed to a violent heat without decomposition.

The two different kinds of fusion already

mentioned are very evident in this salt. The

first occurs when it is exposed to a gentle heat,

in which case, the great quantity of water con-

tained in it dissolves the sulphate, and the fu-
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sion contliiues till it is wholly dissipated ; the

second is produced, when the sulphate is ra-

pidly deprived of its water of crystallization by

being subjected to a violent degree of heat.

When exposed on charcoal to the action of

the blowpipe, it is decomposed in the same

manner, as when fused in a furnace, and in

contact with charcoal.

This sulphate, of which the recent crystals

are transparent and of a beautiful lustre, ef-

floresces on exposure to the air, diminishes one

half in weight, becomes opaque, loses its con-

sistence, and falls down into a white saline

powder.

Three parts of water dissolve at 60°, of

Fahrenheit, one of salt, and boiling water

equal parts.

Its constituent principles are in the follow-

ing proportions

:

Bergman.
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found the proportion of the acid to the alkaH

in the relation of 56 to 44.

Its specific weight is to that of water as

2246 to 1000.

The sulphate of soda is found in great abun-

dance in many places, particularly mixed with

natron. The waters of the Mediterranean

yield it in the proportion of nearly J 55 parts

of their own weight ; it is also present in va-

rious mineral waters. Wherever natron is

produced, this salt is like vise to be found ;

and when we reflect that sulphur is almost in-

separable from soda, since when moistened, a

strong odour of sulphurated hydrogen never

fails to be produced ; and further, that the

ashes of some marine plants furnish a large

quantity of this sulphate, we must cease to

wonder at the simultaneous existence of these

two salts in the same situations.

The sulphate of soda employed in commerce

is procured

1. From sea-water, or that taken from salt pits.

2. From the ashes oftamarix gallica.

3. From the manufactures of spirit of salt, or

muriatic acid.
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1. The mother-waters of salt-pits are com-

posed of earthy deliquescent muriates, sulphate

of soda, and sulphate of magnesia, which two

last we may readily procure by crystalliza-

tion.

The salt-marshes in the vicinity of Narbonn^

have long furnished all the sulphate employed

in the South of France ; those of Touraine, of

Jura^, and of Mont Blanc also produce a con-

siderable quantity.

2. As the tainm^ii' gallica grows in great

abundance on the shores of the Mediterranean,

manufactures have been established in that

quarter, in which the ashes are lixiviated in

order to extract from them the sulphate of

soda.

This plant is cut down about the end of

summer, after which it is burnt, and the ashes

lixiviated in the usual manner.

3. As the bolar earths decompose very im-

perfectly the muriate of soda, the sulphuric

acid is eoiployed in preference.

The residuum is a \evy dry mass of sulphate

of soda which only requires to be dissolved in

boiling water, and afterwards evaporated, in

©rder to furnish a considerable quantity of sul-
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phateofsoda in crystals. This salt ought to

be kept in well corked bottles^ with the \ievv

of preventing its efflorescence. It is verv ge-

nerally employed in medicine as a purgative, as

well as in smaller doses, largelj diluted to an-

swer different purposes.

This salt is sometimes prepared in imitation

of Epsom salt, by the precipitation of the sul-

phate of soda from its solution in water by a

reduction of temperature. For this purpose it

is only necessary to increase the surface of the

lolution, and to agitate it at the commencement

of the crystallization ; the cr_ystals are then de-

posited on the bottom of the vessel, and as-

sume a snowy appearance.

This salt is known in several parts of France,

under the name of Epsom salt of Paris, because

it has for a long time been prepared in that

citv.

The mother waters of salt pits, treated in the

same manner, yield a mixture of sulphate of

soda and magnesia ; sometimes even the sul-

phate of magnesia predominates.

The sulphate of soda is decomposed by pot-

ash, and by most of the substances which de-

compose the potash.
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This salt is known in commerce^ under (he

names of Glaubcr'a salt, sal mirahilc, viuiol of

soda, &c.

SECTION III.

On the Combinations of the Sulphuric Acid with

Lime.

This sulphate bears the name o^ stone plas-

ter in the arts, and of selenite in ancient che-

mistr3\ After being calcined^ and reduced to

powder, it is termed burned gypsum or plaster

of Paris.

The sulphate of lime is known by the fol-

lowing properties ;

1. It possesses little hardness, and does not

strike fire with steel.

2. It readily parts with its water of crystalli-

zation, and becomes opaque, pulverulent,

friable, and of a dull white.

3. It is not easily soluble in water, and re-

quires 500 parts of this fluid to hold it in so-

lution.

4. It vitrifies on being placed in the focus

of a burning lens, or when exposed to a degree

of heat equal to that employed in the manu-
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factiire of porcelain, and is converted into a

transparent glass. It readily melts when its

laminae are presented edge-ways to the action

of the blowpipe. It is soluble with efferves-

cence in borax.

5. The sulphate of lime, deprived of its wa-

ter of crystallization, becomes heated on the

application of water, and hardens in a very

short time,

6. It does not effervesce with acids.

7. A portion of the lime is precipitated by

the fi.xed alkalies.

8. Its specific weight to that of pure water

is as 23 to 10.

Large masses, or extensive strata of sulphate

©f lime are found in numerous parts of our

globe, and it is in this state, that it is termed

piaster stone, quarry plaster, because it is by

working these strata that we obtain this ma-

terial, which is found so useful in i\\e arts.

When the sulphate of lime is found in large

masses, it is for the most part not distinguished

by any regular form ; and the fragments de-

tached from them exhibit only a rough grained

fracture. But sometimes also, they are of a

laminated texture, and semi-transparent, and
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in this last case they exhibit a confused mix-

ixire of ill defined crystals.

Sor/ietimes it assumes the form of very slen-

der iilaaient3 forming strata of dift'erent degrees

of ibicknessj and in this state it has obtained

the name of striated gypsum. Many beautiful

specimens of itj which may be seen in our ca-

binets, were imported frqm China, previous to

its discovery in France, in several districts of

which it is now known to exist. The city of

Puy-en-Vela}-, in the department of the Up-
per Loire, is built on a bed of this stone, and

I myself have found it in great abundance

near Bedarieux, in the department of I'He-

rault ; it is also found at Berzele-la-ville, near

Macon.

The waters which flow over strata of sryp-

sum, carry off, and dissolve a small portion of

this salt, which they let fall on the soil, or on

the rocks in their course. This deposition is

termed fossile flour, when the particles have

not' attained a certain degree of hardness ;

slender selenetic needles, when the salt is de-^

posited by standing water, or in situations

where the water is dried up ; and stalactites,

yvhen the water impregnated vvith it flows



16 CHEMISTRY

slowly over hard surfaces^ or falls in drops from

a certain height.

Gypsum is frequently found under regular

shapes. Its primitive form is that of a right

quadrangular prism, the bases of which are

oblique-angled parallelograms, having their

angles at 113° 7' 46", and (3Q° 5':i' 12".

The most usual modification of this primi-

tive form is that of a flattened rhomboidal

hexahedral prism terminated by dihedral sum-

mits.

The sulphate of lime is found variously

coloured. It is sometimes of a dull white, but

frequently of a very beautiful pure white, in

which case it exhibits a rough-grained fracture,^

covered with brilliant points; and it is this-^

last kind that is held in the greatest esti-

mation.

Ash coloured gvpsum abounds in numerous

quarries ; when calcined, it is found an useful

material in the construction of buildings ; but

sculptors and modellers reject it on account of

its dark colour.

Very frequently gypsum partakes of all the

various shades of colour from a pale to a deep-

red ; ,a circumstance that obviously proceeds
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from particles of the oxide of iron, and is par-

ticular!} observable in those strata of g:ypsum,

Avhich, formed in pjritous marl pits, arc natu-

rally intermixed with sulphates of iron, which

the waters carry along with them, and decom-

pose. This colour remains even after calcina-

tion, which does not however prevent the gyp-

sum being used as a cement, though it renders

it unfit for the fabrication of those ornamental

works in which whiteness is desirable.

I have observed blackish gypsum underneath

the fountain of Petroleum, or rock oil, near

Gabian. It is in large blocks, several feet

thick, and nearly detached from the mountain,

displaying a curious assemblage of shining

crystals blackened by the petroleum. It is

rendered Vv'hiter by calcination, but never ac-

quires that degree of pure whiteness, which is

observable in some specimens of calcined

gypsum.

In quarries of gypsum, large portions of it

are frequently found in the form of crystals

;

those of Montmartre, near Paris, have sup-

plied all the cabinets of natural history in

Europe, with specimens of it in this state ; ihcj

VOL. IV. c



are indeed so abundant, that a gTeat portion of

thctn is calrincd in order to procure a iinre

and white alabaster for various delicate works

of art.

But with whatever resdiiiess this sulfhate

may crystallize, all the rircunistances, which

afe necessary to produce it in such a form oc-

cur so rarely, that for the most part, it is (bund

only in, a very imperfect state of crystalliza-

tion,

Vfiih a view to obtain the sulphate in

crystals, it is necessary that it be previously-

dissolved in water, that all a2:itation be care-

fully avoided, that the constituent parts of the

salt be perfectly pure, and that the evaporation

be conducted in a slow and gradual manner.

But as all these circumstances seldom concur

in its natural formation, it is not often found

in numerous and regular crystals ; occasion-

ally, however, these are naet with in the cavi-

ties which exist in the rock, and on the edges

of the chinks, or crevices, through which the

selenitic waters fall into the hollows under-

neath.

. Crystals of gypsum arc also fouiid in marly
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clays, in wliich pyrites lias undergone decpm-

posiiion, since the small crystals of sulpliate of

iimC;, formed in this soft paste, are attracted to

each Oiher b}' the power of aijinitj, and thus

gradnailv acquire a considerable size. We
can almost trace with our eye the process em-

ployed by nature in the formation of these

crystals in the pyritous marl pits near Mont-

peiicr, and especially in those between Fon-

caude and Lamousson.

The crystals of gypsum are scrai-transpar-

eut, and of a glossy appearance. Their colour

inclines to yellow.

They have such a great resemblance to fo-

liated talc, which is frequently employed as a

substitute for glass in lanterns, and windows,

as to have been confounded with it by some

very eminent naturalists, and they have given

them in common the names of glacics marice,

lapis spccularis, &c.'

The researches of Marsrraaf have removed

every doubt respecting the nature and consti-

tuent principles of gypsum, which he suc-

ceeded in decomposing, and producing at

pleasure ; and his experiments proved, that it

is composed of lime and sulphuric acid. Ac-

c2
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cording to Beigmaiai, these two principles arc

in the following proportions:

4G acid,

32 lime,

22 water.

Mr. Kirwan has determined the proportions

in three dili'crent states of its calcination : at

1st ITO'

of \^ ed"iwood.
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SO considerable, as to cover its wlioie surface,

particularly in damp situations, and it is impos-

sible to employ it \u the open air, as it would be

very soon dissolved by tbe rain. It bas bora

fully demonstrated, by repeated and accurate

analyses, that tbe gypsum employed in tbe

South of France contains a portion of tbe

sulphates of iron, soda, and magnesia.

Gypsum is very much u^eCi in tbe arts. It

is indeed tbe principal material employed in

the making of stucco, and is equally necessary

to the modeller, and the fabricator of various

ornamental articles of furniture. Tbe same

preparation is necessary to render it fit for

these various purposes : indeed, in every case

wherein it is used, calcination is previously

necessary, but the processes, by which this

operation is performed, dili'ers in different

countries.

1. In several places, they reduce the gyp-

sum to powder, and then throw it into a caul-

dron, under which a fire is kindled, and kept

up until a degree of agitation is produced,

similar to tbe boiling of liquids. The mass is

gently stiifcd during the continuance of this

kind of cbulHtion. At the end of a short time
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it ceaseSj on which the fire is withdrawn ber

cause it is evident, that it ^yas produced by

tlie evaporation of the water, which ha\ini;;

now wholly escaped, the calcination is known

to be complete.

Thi^s process has the advantage of calcining

the g}psuiin in a very equal manner; but it is

less ^economical than miiiiy others, on account

of the preparatory operation of bruising', and

the imposs:i)ility of preparing a large quantity

of it at oiic time.

2. in almost the whole of tlie gypsum quar-

ries, in France, it is broken into small frag-

meiits, with which they construct vaults, in a

dry situation, under cover of a kind of shade;

underneath these \aults a fire is liglited,' and

kept up till the gypsum has acquired a red

heat, vvhen the fire is withdrawn, and the vaults

broken down ; after this the calcined stones

are bruised by means of common hammers. It

is in this way that the white and grey powder

of gvpsum, sold in the shops, is prepared.

Any of the stones which do not readily yield

to the hammer, arc laid aside in order to be re-

cak'ir-ed.

This process, 'which is equally simple and
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economical, is usually employed in order to

prepare gvpsum in lavg;e quanlitks ; bill as

it is diificiilt to calciuC;, in an Cijual degree, all

the fragments, on account of the inequality of

tiici.' size, and the place which they occupy iti

the furnace, recourse is had to the following-

process, when it is required to be of a very pure

quality.

3 Having brought to a red lieat an oven, si-

Kiilar to that used by bakers, the fire is with-

dra vn, and a suilicient quantity of gypsum

throvvU in, after having been prewously broken

inio pieces, about the size of niits ; the oven

being then carefi;ily closed and luted, it is suf-

fered to cool before thegypsumis withdrawn.

When it can be obtained in crystals for this

pur];ose, they are preferred on account of their

greater purity, and from being more easily

calcined

In order to judge of the alteration produced

by calcination on sulphate of lime, it is only

necessary to place a small portion of it on

charcoal, or on any other heated body what-

ever, when i(s scrai-transpavent hue is soon

changed to a dull white, the lanunaB sep^arate

and exfoliate, and water is disengaged in the
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form of vapour. When the evaporation termi-

nates, the specimenis found to be friable, and

easily reduced to powder between (he fingers.

But whatever mode of calcination is em-

ployed, the object to be attained by it is al-

ways the same, since bv this process, the sul-

phate of lime is deprived of its water of cr^'S-

tallization, and thus rendered whiter, opaque,

pulverulent, and capable of re-absorbing v.ater

with the greatest avidity.

if the caiciiiation be imperfect, the sulphate

partly retains its solidity ; it cannot be inti-

mately mixed with water, and the paste thus

formed does not readily assume those shapes

which the artist may wish to impress on it.

Besides, this paste does not acquire a sufficient

(degree of hardness on exposure, nor take on

that beautiful polish, which can be given to

that made with perfectly calcined gypsum.

On the other hand, when the calcination is

pushed too far, the paste is not sufficiently co-

herent to answer the purpose of the artist.

AVhen the gypsum has undergone a proper

degree of calcination, it absorbs water wi(h

great avidity, giving out much sensible heat^

and if this fluid be used in a proper quantity.
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the paste very soon acquires a great dea^ree of

hardiirss, without however recovering its ori-

ginal brilliancy.
,

The property which it possesses of imbibing

water, and of forming with it a soft paste ca-

pable of receiving any impression, and the ra-

pidity with which it hardens, render this sul-

phate particularly applicable to the formation

of statues and all kinds of ornamental figures

cast in moulds. It also forms, on the same

principle, an elegant covering for walls, as well

as an excellent cement for connecting stones,

metals, wood, &c.

But the sulphate of lime is not only em-

ployed by artists in the formation of our prin-

cipal ornaments, but they have succeeded in

making it assume various colours, and they have

attained the secret of imparting to it greater

brilliancy, and rendering it more susreptibie of

a fine polish, when mixed with mucilage or

^singlass.

It was this process that gave birth to the

art of stucco-making. We find the first rudi-
*

ments of this art in ilunckel, who mentions

several methods v/hich were emploved in order

^o colour gypsum ; such as mixing it with
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jBulds coloured with red saunders^ Brazil-wood^

safiVon, &c. ard he suggests the empIo^MiieHt

of isiii;:,las% in order to ji^ive a proper de-

cree of colicsion to the wiioiC;, and to render

it more brilliant.

Since the time of Hunckelj the art of stiicco-

making has made the most astonishing pro-

gress ; they not only execute the most valuable

works in stucco, but are now enabled to irive

to it the fine polish of the most beautiful

marble, and that exquisite richness of colour-

ing v.bicli appeared to be soieiy confined to

painting in fresco.

The stucco-makers v»ho are arxious io ob-

tain the purest gypsum, usually select it them-

selves^ and, after breaking it into small pieces

of an equal size, calcine it in an oven accord-

ing to the method already described. The fire

13 withdraw ii as soon as they percci\e that the

largest fragments have lest their b«il]iiii»y,

and that the whole mass is become opjftjucj

and of the same colour. The calcined powder

is then passed through a very fine sieve, and

mixed up as it is to be used with a solution of

Fki-.iders glue, and it is in this solution that

they ditluse the colours wiih whiclrthey intend
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to paini the stucco. But when the work is

to Ije of various coloursj or to' be ornamented

with designiSj they prepare each colour sepa-

rately, and afterv.'ards mingle, aiid combine

them nearly in the saii^e manner as a p;5i;iler

mixes on his pallet the piimitive colours which

are to compose his diffejeot shades.

In order to give to his work the gh'sjy

lustre so much admired, be rubs it with a pu-

mice stone in one hand, while with the other

he cleans it by means of a wet spun«:c. He

next proceeds to polish it with tripoii and

charcoal and fine soft lineO;, and after going

over it with a piece of feit dipt in a mixture

of oil and tripoii, finishes the operation by the

application of piire oil.

All naturalists asree that tbiC sidobate of I'me

is not of very ancient orig-jn.

It is found in strata sfpsrincumbeDt on cal-

careous earths and frequently in the immediate

vicinity of secondary schistus mountains; and

it has never yet been proved ioexi---. li. .er-

neath granitic or any other primitive \

It appears fl-om the disposition of is!.- -irala

of gypsum, jst, tliat their finmaiinn is even

posterior to that of the calcareoas and second-
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ary sclilstous mountains ; 2d;, that tliey are only

formed in places where pyrites has nndcriione

dcconiposilion. The (irst of th(sc positions is

fully established from the situation of the

strata themselveS;, since they are rever found,

but abo\e the mountains of which we have

spoken.

The second is demonstrated by an examina-

tion of those places where g\psum quarries are

usually found, and from the nature of the

earths in which crystals of sulphate of lime are

formed.

One circumstance which has not escaped

the observation of naturalists is, that while the

bones of many terrestrial, and fresh-water

animals are discovered in quarries of gypsum,

no remains of any marine animal were ever

found in such situations. From the above

fact, it is obviously deducible, that the strata

of gypsum, or sulphate of lime have originated

from depositions formed in the immense lakes

with which the surface of our globe appears

io have been covered, before the labours of ci-

vilized man, earthquakes, volcanic eruptions,

inundations, &c. converted ihem mto rivers.

We may ouseive, by the way, that it is from
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those lakes, the great primitive rivers^ of which

the beds that exist at this day attest their mag-

nitude, derive their origin. An explanation

of these factSj and their application to the for-

mation of the gypsum quarries, at Montmartre

near Paris, are given by M. Lanianon, in the

Journal de Piiysique, for 1782. It is indeed

impossible to accouut for the formation of

such extensive quarries of gypsum, without re-

verting to the remote period when this earth

was covered with masses of pyrites ; this pri-

mitive state of things appears fully proved

by t'ie traces of many volcanoes now ex-

tinct, by the existence of beds of ochre, and

by the veins of pyrites, and of sulphureous

argil, which still remain in tlicir primeval

state.

The decomposition of these sulp'j'irets have

given rise to the formation of sulphates cf iron,

lime, alumina, and magnesia, according to the

nature of the earthy and metallic matters

with which the sulphur enters into combina-

tion. We daily witness this phenomenon in

the decompos lion of argillaceous marls, as we
can readily perceive a prodigious quantity of

minute crystals of ulphate of lime, which ac-
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quire a considerable size, when the argillaceous

mass is suSicienLlj soft to adiriit of their union

with each other.

After v>h?it has been said, it ii easj^ to con-

ceive, that if the mass of pyriies be consider-

able, and if the sulphate be carried off by the

waters in proportion as it. is formed, and after-

waiids deposited, beds of gjpsum must be form-

ed of an extent proportionable to the greater

or less influe'sce of the ca'^ses concurring to

produce them ; and no cause, in our opinion,

is adequate fully to explain the efiect in ques-

tion, but the existence of vast lakes, v/hich,

receiving the products of the decomposition of

]yrites, have deposited them in particular

phicesi, in like manner as the waters of the

ocean accumi.-late the remains of marine ani-

mals, so as to form calcareous mountains.

The existence of these pyritical masses.,

whose origin appears to be posterior to the

prriod at which the earth began to be peopled^

since no traces of them are discoverable in the

prlmilive mountains, have produced the most

astonishing changes on the surface of our

g!OJ[;e ; without their agency, numerous saline

substances would have remained unknown

:
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neither v/ould ?bose metaiaorrhoses, deconi-

pos'tionSj and compositions hiive takeu place,

which ha\e renovated the surface of our planet,

and shaken ifc to its verj fi>undatior.s, by the

terrible volcanic eruptions to v-hich. they have

given birth.

Every part of this immense surface of the

earth bear more or less recer.t marks of the de-

tomposition of pyrites; sulphates, ochres^ vcl-

cauic relics^ and warm springs^ all concur to

evince the activity of this cause, which appears

however, to be daily becoming less powert il,

though it is unquestionably to the same agency

that we must impute those wonderful char>ges,

which at present we frequently witness in mi-

neral substances.*

The transition of gTpsura into a state of

sileX;, and to calcedony, has bee:i frequently

observed. M. Carozy, director of the niincs ia

Poland, published some observations on this

* We would not be understood as wishing to restrict the

production of sulpiiC-te ot sc-da to tlie d.^:irnpos;t on of py-

rites, though we xegard it as tlie most powerful and coin-'

mon cause of its formation,
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sunject in 1783. M. Macquart, in a nohrtlierti

toui^ afterwards confirmed the facts stated by

this niiiicralogisf, which, with his own opi-

nions, are given to the world in a collection of

memoirs on mineralogy ; and Monnct has des-

cribed, in the Journal de Phvsiqiie for 1785,

the transition of the gypsum into a state of

silex in the quarries of Menil-Montant; from

all which facts and observations it has been

loo hastily concluded, that the conversion of

these substances into each other takes place;

but chemical science .ejects this erroneous doc-

trine, and beholds inthese changes nothing more

than the substitution of one body in the place

of another, a phenomenon which is nei-

ther uncommon in chemistry nor in natural

history.

SECTION rv^

On the Comhinations of SidpJiuric Acid with

Magnesia.

The various appellations given, at different

tim»'s, to the sulphate of magnesia, are derived

either from the springs from which this salt
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lias been procured, from the characters dis-

tinguishing it, or from the uses to which it is

applied. Hence the various names of Epsom

salt, salt of Sedlitz, hitter salt, &c.

The sulphate of magnesia is of an intensely

bitter taste. Its crystals are tetrahedral prisms

%vith obliquely truncated ends.

That usually sold in the shops is in minute

crysials of a snowy appearance, and it is with

a view to imitate this form, that the manu-

facturers of sulphate of soda endeavour, in the

way already mentioned, to give this last salt

the same appearance, in order that they maj'

dispose of it under the name of Epsom salt.

It is, however, easy to distinguish it from the

genuine sulphate of magnesia, since it efflo-

resces on exposure to a dry atmosphere, and

does not yield magnesia.

There is also frequently substituted in the

shops for Epsom salt, a mixture of these two
' sulphates with several earthy muriates, which

is procured from the mother- waters of the salt

springs of Lorraine, and Franche-comte, in

like manner as from the salt marches in the

South of France.

VOL. IV. o
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Epsom salt is soluble in its ov, n weight of

water, at 60 degrees of Fahrenheit.

It liquefies by heat, and loses one half of

its weight by calcination ; the residue requires

for its fusion an intense heat ; hence, it ap-

pears, that this salt, like the sulphate of soda,

and others of a similar kind, is subject to twe

kinds effusion. Its constituent principles are

as follow :

In Crystals.
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llje earthy principles, the decomposition of

pjritous schistus gives rise to the formation of

sulphate of magnesia. Sometimes even^ the

magnesia so predominates over the other earthj

elements of this pjritous schistus, that the ef-

florescence is almost entirely composed of the

sulphate of magnesia. I have myself witnessed

an example of this kind in the schistous moun-

tains of Roucrgue, in the department of Avey-

ron, near the village of St. Michel, about two

leagues from St. Sernin.

Similar observations have been made by M.
\ Tingry, on examining some mountains near

Geneva ; he even taught the peasants the art

of extracting the sulphate from the saline ef-

florescence by lixiviation, in order afterwards

to procure the magnesia froan it by preci-

pitation.

I have frequently remarked with much aS"

tonishment wild pigeons, aiid birds of passage

descend on the mountain of Rouergue already

mentioned, and after greedily feasting on the

salt, resume their flight.

Sulphate of magnesia is scarcely at all used

jn the arts, but magnesia is very much em-

ployed in medicine ; it is procured by preci-

b2
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pitation, from a solution of the sulphate by

means of the alkaline carbonates.

From an attentive observation of all the phe-

nomena which occur on the decomposition of

this salt by the alkaline carbonateS;, M. Four-

croj deduces the follov/ing conclusions

:

1. That the sulphate of magnesia is decom-

posed by the carbonate of potash.

S. That the carbonate of magnesia remains

dissolved in the cold fluid, by the aid of an

excess of carbonic acid supplied by the car-

bonate of potashj which contains it in a greater

quantity than is necessary to saturate the pre-

cipitated magnesia.

3. That the heat capable of extricating

the carbonic acid which is dissolved in the

water, precipitates by that means the carbon-

ate of magnesia,

4. That to precipitate the magnesia, without

the aid of heat, pure potash must be em-

ployed.

5. That equal parts of the carbonate of pot-

ash are more than sufficient to deromposc> the

sulph;ite of magnesia ; and that ]':ib parts of

this sulphate, and 100 of carbonate of potash
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yicUl, after ebullition, 45 of pure carbonate of

magnesia.

6. That to decompose 125 parts of sulphate

of magnesia, 136 of the carbonate of sod£^ are

necessary,

7. That a solution of 100 parts of carbonate

of soda, added to a solution of 125 parts of the

sulphate of magnesia, at the temperature of

12 degrees (Reaumur), precipitates 0,1 1 of the

carbonate of magnesia.

8. That the carbonate of ammonia does not

precipitate the magnesia.

9. That if we heat to 30 degrees ( Reaumur ) a

solution of sulphate of magnesia, into which

ammonia has been poured, it efiervesces, and

becomes turbid ; but when heated to ebullition,

the precipitate is re-dissol .ed ; and that, if we

afterwards evaporate the solution to a fourth of

its bulk, it yields, on refrigeration, a triple salt

composed of magnesia, ammonia, and sulphuric

acid.

iO. That if we gradually heat to 60 degrees

( Reaumur) a mixture of 125 grains of sulphate

of magnesia, and 100 grains of carbonate of

ji^.;nmooia, dissolved iu the least possible (|^uan-
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fity of water, we procure 45 grains of carbon-

ate of magnesia.

11. That if the solution be exposed to the

action of the air, without the application of

heatj the carbonate of magnesia assumes a very

regular form.

The crystals of magnesia are shining, trans-

parent, and nearly destitute of smell and

taste.

This carbonate decrepitates slightly, when

thrown on burning coals ; it falls into powder

without dissolving, and loses 0,75 of its weight

It effloresces on exposure to the air^ and be-

comes white and opaque.

One ounce of water at the temperature of 10

degrees of Reamur, dissolves 12 grains of this

carbonate. It crystallizes in six faced rhom-

boidal prisms. It loses its acid by calcination,

the residue being pure magnesia, sometimes

termed calcined magnesia.
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SECTION V.

On the Combinations of Sulphuric Acid iiciih

Aluminc and Potash.

Sulphuric acid dissolves alumine, and it was

supposed until very lately^ that alum was no-

thing; else but this sulphate.

The sulphate of aluminc crystallizes in soft,

thin, brilliant lamina?. It is of an astringent

taste, and very soluble in water ; is deprived

by heat of its water of crystallization, and falls

to powder ; a greater degree of heat decom-

poses it, by volatilizing the acid ; it undergoes

no change on exposure to the air. According

to Bergmann, it contains equal parts of the

acid and aluminc. Margraaf had previously

observed, 1st. That the simple combinations of

^lumine, precipitated from alum, by tlie alka-

lies, with sulphuric acid, never formed consisr

tent crystals. ?d. That calcined argil, treated

in the same mamier, produced crystals of a si-

milar nature- 3d. That the addition of an alkiiU

was indispensable, in order to form alum. 4th.

That the earth cf htijsu 'i< one sui generic, and
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not a chalk, as supposed by Stahl, Neumann^

and Pott.'

Alum, therefore, is not a simple sulphate of

alumine, but a triple salt, composed of sul-

phuric acid, alumine, and potash. It may be

termed a sulphate of alumine and potash.

Alum is of an astringent taste, is semi-trans-

parent, swells and boils on hot coals, leaving

a light, dry, friable, and opaque residuum of a

white colour. It uniformly reddens blue ve-

getable infusions. Its specific weight is to that

ofwater, 17,109, taking the standard at 10,000.

At 60 degrees of Fahrenheit, w ater dissolves

a fifteenth part of its own weight of alum ;

but it requires only 75 parts of boiling water

to dissolve 100.

The most common form of alum is that of

octahedral crystals, which are usually so group-

ed as to represent an indented column.

According to the analysis of M. Yanqucliu,

iOO parts of alum contains

49 sulphate of alumine,

7 sulphate of potash,

41 water.
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Of all the saline compounds, alum is the

most generally employed ; it not only forms

the mordant of most colours, but is used in a

variety of other operations, and is therefore,

under all its relations, deserving of the greatest

attention.

In order to convey to our reader a clear and

distinct idea of this substance, it is proper to

consider it under two separate divisions. In the

first we shall treat of native alum, and in the

second of artificial alum.

ARTICLE I.

Of Native Alum.

We give the name of native alum to that

which is procured directly from the mines, not

(hat it is of a different nature, but because the

i.xode of treating the mineral, and extracting

the salt, forms a series of interesting operations,

and because the alum of commerce is mostly

obtained from this source.

Bergraann has divided alum mines into two

diiTercnt kinds : 1st. Those in which it is ready
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formed ; 2d. those in which are contained only

its principles, or elements.

The mine of Tolfa, near Civila Vecchia, is of

the first kind ; Bergmann informs us^ that there

the alum exists ready formed.

At Solfatara, near Puzzoli, the lava daily

effloresces^ and forms alum. Bergmann pro-

cured from it 8j00 alum, and 4/10 of pure ar-

gil ; the remainder was silex. It would appear,

that the alum mines of Piombina are nearly of

a similar nature.

At Saint Aubin, near Cransac, in the depart-

ment of Aveyron, there is a very abundant

alum mine, in which the salt is also found ready

formed.

Aluminous efflorescences are frequently found

. on secondary schistus, in a state of decompo-

sition.

It is evident, that this native alum, and that

procured by art from schistous minerals, have

the same origin. In the first case, the decom-

position, by which the alum is formed, is, so

to speak, spontaneous ; whereas, in the second,

it is produced by subjecting the rough mineral

to a particular process.

I'lic two species of mines, therefore, distia-
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gulshed by Ber^mann, mighty v/e (liink^ be

with greater propriety considered as one and

the same. Wherever there is found a mixture

ofalumine^ iron;, and sulphur^ tlierc exist the

primary elements of the two sulphates^ which

are almost inseparable ; and we may regard^ as

alum mineSj those enormous masses of second-

ary schistus^ which constitute such a large

portion of our globe.

This schistus is sometimes impregnated with

bitumen, or a kind of pit-coal, and we may

rank amongst alum mines almost every schistus

of this nature.

The constituent principles of aluminous

schistus are nearly the same every where

;

bitumeUj alumine, silica, lime, magnesia, iron,

and sulphur. They differ merely in the pro-

portions. The iron is uniformly found united

with the sulphur, and it is the decomposition

of this suiphuret v.hich occa'^ions the forma-

tion of the sulphuric acid, and consequently

of the sulpliates of alumine, and iron; frc-

qucntl}-, even this last sulphate is not inter-

mixed with the other materials, but is found in

small crystals dispersed throughout the mass.

According to the predominance of one or
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other of these principles^ the product of the

decomposition will be different, as well as the

object with which such mines are wrought.

Thus, for example, when the bitumen is very

abundant, with only a small proportion of the

earthy, and metallic principles, the mineral is

termed pit-coal, and is dug up for the purpose

of burning. When the iron predominates, the

mine is wrought for the sake of the copperas ;

and when the alumine forms the chief part of

the mass, the object in view is to procure the

alum. Sometimes the iron and alumine are

present in nearly an equal proportion, consti-

tuting a species of mixt mine, from which the

two sulphates may be extracted.

But in whatever proportions the different

principles are found, or whatever may be our

object in working these mines, the operations

by which this is performed, arc conducted on

general principles, applicable to all cases.

1. As alum docs not exist in the mineral

ready formed, the operation, by which its for-

mation is accomplished, we term aluminizaiion.

2. After the formation of the alum, it is ne^

cessary to extract it, and this is performed by

the process denominated Uxiilation.
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3. When the lixiviation is completed, the

next step is to crystallize the alura, and this

third operation is termed crustallization.

SECTION I.

On Aluminization.

The mineral from which alum is procured,

conta,ins sulphur and alumine, but not the

sulphuric acid ready formed. Its formation

therefore requires to be effected by artificial

means, in order that it may enter into a state

of combination with thealumine. As sulphur

is the radical of the sulphuric acid, it only

requires to be combined with oxygen in order

to produce this acid.

This combination is accomplished by expos-

ing the mineral to the action of air and wa-

ter, and favouring their decomposition, and

the union of the oxygen thus disengaged, with

the sulphur it contains, by the different me-

thods about to be described.

The action of air and water, however, is

extremely slow in its operation, unless other

means be employed to hasten the combination.
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"With this view, therefore, the mineral is Jiist

powdered, in order to increase its sur&.ce, and

then sUghtlj moistened with wafer, so that a

greater quantity of oxygen may be brought

into contact with it, and in a more condensed

form, and gentle heat is afterwards employed

to promote the combination.

It is in the proper regulation of these dif-

ferent dgerits, air, xOatcr, and licat, that the art

of ahnninization consists.

It must not, however, be underetood, that

these means are to be uniformly and constantly

employed, since the nature of the mineral, and

other circumstances requires that they should

be variously modified.

When the mineral, for instance is soft, por-

ous, lamellated, and friable ; when it is in the

form of a loose, dark, or very black eartli, no

preparation is requisite, except forming it into

a heap upon a hard clayey soil, with the sides

gently inclining, so that the waters which flow

over their surfaces, may fall intoa ditch du gat

each side of the heap, in order to receive them.

These waters are allowed to deposit the

various undissolved matters they have carried

along with them, aftei* which, they are poured

*4
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rntobasins, in V/hich tiiey are suffered to remain

until tliey become sufficiently clear, and after-

wards turned over into proper evaporating pans.

The mine of Schvvemsal, in Saxony, is of this

kind ; this mineral is generally formed inta

heaps of 100 feet in length, by 20 or 25 in

breadth, and from 12 to 15 in height.

They remain exposed to the air during a

period of two years previous to lixiviation,

when they are found to be almost wholly in a

state of efflorescence, or if some fragments still

preserve their primitive form, they fall to

powder on the touch, and display the alum

ready formed between their strata.

This mineral furnishes only two pounds of

alum per quintal.* The heat generated in the

progress of aluminization is frequent]}^ so con-

siderable, as to inflame the mass, in which

case, in order to arrest the progress of the

combustion, the heat is opened at the point

whence it appears to proceed, by which means

the heat becomes diminished.

At Helsingburg, in Scania, there is a species

of turf formed by the decomposition of ve-

* The French quintal is 1 cwt, En5;l;:^h, T
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getable matters, and tlieir mixture with alumi-

nous pyrites, from which a great quantity of

alum can be extracted by lixiviation.

We cannot, however, rank under this class,

thefat coal, as it is termed, which is in fact,

nothing more than a species of turf of a very

sulphureous nature, and which exhales on

burning an extremely disagreeable odour.

Strata ofthis coal, which is ofa very indifferent

quality, are frequently found in marley soils,

and may be wrought with great advantage for

the sake of the alum. It is readily decompos-

ed by the air, leaving a residuum of red ashes ;

in order to promote the efflorescence, it is dis-

posed in beds above each other, and carefully

watered, in proportion as they are formed.

When the heap is raised to the height of

from eight to ten feet, it is suffered to remain

until the surface be wholly covered with an

aluminous efflorescence, which usually happens

at the expiration of eight or ten days, after

which the surface is again occasionally wa-

tered during another week. If, at this period,

the heat be so powerful as to threaten iiifiam-

mation, a new heap is formed, by turning over

the beds one by one, taking care to water each
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with the same caution as at first. But whether

the beds become heated or not, they are turned

over at least once a month. Several establish-

ttients have been founded in Picardy, in

France, in which the operations are conducted

in this manner.

V^ hen the mineral is hard, and consequent-

ly of slow decomposition, heat must necessarily

be employed in order to promote its effior*

escence.

This circumstance furnishes us wich a very

natural di\ision of these mines ; the one coti^

tains the bitumen requisite to ' roduce their

calcination, the other is wholly destitute of this

principle.

The famous mine of Garphytan, in Sweden^,

belongs to the first class; this mineral is form*

ed into beds composed of a stratum of bitumi-

nous schistus, which is kindled, and over

which are placed others that become inflamed

in their turn ; when the fire slackens or goes

out, it is re-kindled by means of lighted fSg-

gots ; and the calcination is usually completed

in the course of one month.

There is a mine of this kind near Milhaud,

TOL. IV. fi



50 CfHEMISTRY

in Avej^ion, from which alum is obtained bj

a similar process.

Tlie mines of aluminous coal, of which we
have already spoken, can be wrought with great

advantage in the same manner, since by this

means the efflorescence is greatly facilitated.

When the coaly heap is inflamed, the alu-

minous ashes, which are formed on its surface,

are thrown down from time to time, by which

means the stratum immediately below becomes

inflamed in its turn, and so on with the rest^

until the whole mass is gradually reduced to a

state of ashes. This mode possesses even some

advantages over that of spontaneous efflores-

cence, since the alum thus obtained does not

contain an excess of acid, and is otherwise of a

much superior quality.

But when the mineral either does not con-

tain the bituminous principle, or when it is

present in too small a quantity, to produce its

decomposition, recourse must be had to some

extraneous combustible, and with this inten-

tion faggots of wood are usually employed.

At Whitby, in the county of York, a rock

of twelve miles in extent has been discovered.
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which affords a most abundant vein of alum.

They first tear open this rock, after which the

different fragments are loosened in form of

plates or leaves, in the same manner as schis-

tus ; it is of a dark grey slate colour^ and be-

tween its lamin£e are discovered small grains of

pyrites, belemnites, and a great portion of

cornua ammonis, or serpent-stone. With a

view to aluminise this mineral, abed of faggots

is formed, of from 10 to 13 feet in thickness,

by the side of which a scaffold is erected>

which enables the workmen to form a pile of

mineral of about fifty feet in length, and fortjr

in height. They do not wait until it is finish*

ed before lighting the fire, because as it pene*

trates the mass only slowly, it is necessary fre-

quently to renew it.

The mines of Sweden, Norway, Hesse, and

the duchy of Liege, are wrought nearly in a

similar manner, but in several of them the

combustible and the mineral are stratified ; that

is, a bed of faggots and mineral are placed al*

ternately over each. By this method, the

calcination is performed more equally, but it

is attended with considerably greater ex^

pence.
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Elsewhere, the director of the mines has not

the power to employ either of these modes in-

discriminately, but the choice is determined by

the nature of the mineral itself. When, for

instance, after being once heated, the decom-

position continues to go on without any addi-

tional heat, a single stratum of combustible

matter is all that is requisite, in order if we

may be allowed the expression, to impart to it

the first movement, after which the efflores-

cence is propagated, and carried on spontane-

ously. But on the contrary, when the mine

cannot be wrought without the aid of extrane-

ous heat, it is then necessary to stratify it with

*ome combustible body, in the manner already

mentioned. Most of the mines in which py-

rites is found, in the form of cubes or octahe-

drons, belong to this last class. But when the

pyrites is diffused throughout the paste, and

more particularly when it is in a state of com-

bination with it; then it is sufficient to com-

municate to it the first impulse, in order

to produce the vitriolization of the whole

mass.

We shall have occasion to observe in the

next chapter, that when the sulphur is too
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abundant in the pyrites, no efflorescence takes

place, and on applying this principle to alum

mines, it will be evident that the calcination of

the mineral has for its object not only to disen-

gage the superabundant portion of sulphur,

but to facilitate its combination with the

oxygen.

In several establishments of this kind, as at

Dilta, in Nericia, the pyrites is first distilled

in order to free it from the sulphur, after

which the residuum is left to effloresce in the

open air, and when this process is completed,

they extract from it, by lixiviation, the sul-

phates of iron and of alumine.

All mines containing native alum derive

their origin, either from volcanic fires, or from

the spontaneous decomposition of pyritic mat-

ter. In this case calcination is useless, unless

when the mineral is so hard, as not to yield to

lixiviation, and it is then necessary to soften

it by the application of fire.

The alum mine of Tolfa is so extremely

hard, that it can only be wrought by means of

gun-powder, or by picks.

According to Fougeroux, the greyish-yellow

stone, whioh forms part of this mine, is the



5i CHfiMISTltY

most valuable, but the preference is given to

that which is white by the abbe Guenee.

The rock alum on being detached from the

mine is immediately thrown into a furnace,

for the purpose of calcination, which very

much resembles a lime kiln, heated by coals,

"where it is allowed to remain during the space

of three houi*s. Bergmann remarks, that the

fire is extinguished, w henever the flame becomes

white, and the odour of sulphuric acid begins

to be perceived. The calcined mineral is then

piled up in a large heap, until the whole caa

be reduced into a paste by the hand.

From the analysis made by Monnet of some

specimens brought from the mine of Tolfa by

Guettard, it appears to consist of a combina-

tion of argil, sulphur, and potash, but Berg-

mann, who analyzed it with still greater ac-

curacy, found that it contained native alum

enveloped in much argil.

Guy Lassac, who had himself occasion to

witness the phenomena produced by the cal-

cination of the rock alum of Tolfa, observed

that there were disengaged from it sulphure-

ous acid and oxygen, from which it is evident

thp-t a decomposition of a portion of the sul^

i
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phuric acid had taken place, and a necessary

augmentation in the quantity of alumina.

Hence Guy Lassac concludes, that in this stone,

previous to calcination, the sulphuric acid is

combined with a greater portion of alumina

that it can saturate, so that an insoluble salt

is formed ; "whereas, after calcination, the

alum recovers its true principles, and in the

most just proportions, so as to render it sus-

ceptible of lixiviation.

The ore of Salfatara is porous, friable, and

spongy. Alum is there produced spontane-

ously, and the mineral requires merely to be

lixiviated in order to furnish the salt which it

contains.

A natural efflorescence is observable in most

alum mines, which is sufficiently indicative of

their character, and by which wa may form a

certain judgment respecting the abundance

and purity of their products ; and this efflor-

escence chiefly appears in those places aban-

doned by the workmen, and in dark, damp ca-

vities, where there is a perpetual stagnation of

air. When the efflorescence is external, it is

rendered very evanescent by the action of light,

and rain water.
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From what has been said^ it must appear

evident, that the propriety of adopting any

particular method of working a mine must

wholly depend on having previously ascertain-

ed the true nature of the mineral it contains.

Calcination properly conducted, a long ex-

posure of the mineral to the action of the air,

watering, and stirring it occasionally, favour

the efflorescence, produce an intimate combi-

nation between the acid and alumine, and oxy-

dize the iron, so as to render it insoluble, &c.

from which it is evident, that the quality of

the alum must be greatly influenced by these

preliminary operations.

SECTION II.

Of Lixiviaiion.

We have already observed, that native alum

is not found in mines, but that the conibination

of oxygen with sulphur forms sulphuric acid,

which, uniting with the earthy and metallic

principles, produces the sulphales of alumine,

lime, magnesia, and iron, intermixed with each
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other, in various proportions, according to the

nature of the mine.

All these sulphates may be extracted by Hxi»

Tiation, but as the object in working alum

mines is to obtain the sulphate of alumine se-

parately; the means employed for this pur-

pose must be variously modified according to

circumstances, since in one case the sulphate

of iron predominates, in another that of mag-

nesia, &c. and the nature of each salt requires

particular operations.

In all extensive manufactures, the mineral

after being calcined, and allowed to effloresce,

is subjected to lixiviation in large shallow ves-

sels strongly constructed, and sunk in the

ground, in order to preserve as much as pos-

sible an uniformity of temperature. These

vessels are disposed in parallel ranges, so that

the waters may be poured from one into the

other; in some situations the declivity of the

ground at the base of the aluminous strata,

admits of their erection in this manner. In

the superior range is placed the mineral, which

has already been lixiviated, and nearly ex-

hausted ; in the second, that which has under-

gone one lixiviation at least; and in the
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third;, the pure mineral after calcination; so

iluit the water may gradually take up the dif-

ferent saltSj and acquire a degree of concentra-

tion amounting to from J 5 to 25 degrees, ac-

cording to Banme's areometer, preparatory to

tl^e subsequent process.

In some manufactures of this kind, only a

single range of vessels is employed for the

lixiviation of the mineral. At Whitby, in

Yorkshire^ the mineral is twice lixiviated, and

the water left to act on it twenty-four hours

;

the precaution, however, is employed of pour-

ing the water of the second lixiviation on the

pure mineral. A similar method is pursued at

Schwemsal in Saxony.

In order to lixiviate the mineral very accu-

rately, it is requisite, 1. That it be suitably

divided, so that the water may penetrate it

more effectually, without however being pul-

verized, as in this case, it is apt to become

amassed in a heap, which renders it necessary

to mix it with straw, or fragments of the mi-

neral itself, to bring all its parts into contact

with the water.

2. That the water should cover the mineral

\)y several incjies.
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3. That the mass of mineral be of a certain

thickness, for the water becomes impregnated

with saline matter, in proportion to the height

of the stratum thF»ugh which it percolates.

4. That the water be suffered to remain^ un-^

til it ceases to act.

It is of importance to make the vessels, in

which the lixiviation is performed, of suitable

dimensions ; with this view, their size ought

not only to be adapted to the quantity of mine-

ral intended to be lixiviated, but to the subse-

quent operations in which they are to be em-

ployed. Thus, though strait deep vessels are

very proper for the purpose of lixiviation, they

are not equally convenient for the extraction
"

of the exhausted mineral.

The water of lixiviation is next put into

large reservoirs constructed of solid stone, in

which it is suffered to remain for some time, in

X)rder to become clear by the deposition of any

extraneous matters, with which it may happen

to be mingled, as ochre, suspended alumine,

and sulphate of lime, after which it is poured

into the evaporating pans.

The lixiviated mineral not being fully de-

prived of the >vhole of its alum^ is in many
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manufaciorics farmed into heaps as at first, and

siificred to remain imlil it again assumes a state

<iC edloreseeuce. Triis practice is foilov/ed at

?. liV/enisal, in Saxony ; but in other works of

this kind, tlie lixiviated nnneral is re-calcined,

in order to draw from it a new store of alum;

tbat of Chiibtineoff in Sweden, undergoes

twelve calcinations,, before being finally thrown

as'de as useless, Whers fuel can be procured

&t a cheap rate, it might prove advantageous

to perform iixivi.itiou by m.eans of hot water;

for, as aiuui is from fifteen to twenty times

moie soluble in boiling water, than in that at

the ordiufiry temperature of the asmosphere,

the lixivialion .would thus be accomplished

mere speedily, and the evaporation carried on

with greater rapidity : in this respect, however,

as in all the other operations, a great variety

of local ciitumstanccs must betaken into ac-

count, which can only be properly done by an

intelligent director slationed on the spot.

Vvc cannot be persuaded, that wood is the

only material proper for the construction of

l::av!ating vessels ; they might unquestionably

be equally well formed of various stoney or

earihy materials. For example, the sides and
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bottoms niiglit be constructed, iiithe most soUd

manner, of grey quartz, granite, or Schistus.

Poazzolana, the eaitli deposited by hard wa-

ters, pounded bricks, quartzy sand well waslh-

ed, and mixed with good lime, w ould form ex-

cellent m. ""irs for this purpose. Particular at-

tention ought to be paid to render the bottoms

extremely solid, since they have not ordy to

support the whole weight of the water, but

because any deficiency in this part does nv>t

become evident, uiitil it be too late to remedy

it, without much diiSculty.

These basins may be brought to the greatest

degree of perfection, by covering- Iheir intprnal

surface with a varnish composed of equal parts

of yellow wax and resin melted together, ?ird

afterwards mixed with Spanish broAj^^ or

Pouzzolana well sifted, until it becomes of a

proper consistence to be laid oil \iith a brush.

It is of importance to employ this varnish as

warm as possible, and not tillthe basin is per-

fectly dry, in order that it may more effectually

penetrate into the moriar.

Over this coating should be applied a se-

cond, composed of the sa'rae materials, but

containing a much less proportion of Spanish
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brown, and having a third of oil of turpentine

added to the melted oil and waX;, which ren-

ders it more pliant, and prevents those cracks

,and fissures that occur in the first coating by

the dessiccatiouj or the contact of the salts.

SECTION III.

Of Crystallization.

The evaporation of aluminous lixivia is per-

formed in Britain, Sweden, and Norway, in

large leaden caldrons, from 10 to 12 feet in

length, 7 to 8 in breadth, and from 2 to 3 in

depth.

These enormous caldrons are fixed on bars

of cast iron, from 6 to 7 inches in diameter,

over which a bed is formed with flat plates of

iron, in order to support the bottom of the

caldron. The sides of the furnace are con-

structed of brick.

The caldrons employed in the manufacture3

at Hesse and Liege, arc much smaller, being

only from 7 to 8 feet in length, by 20 to 22

inches in depth.

In some establishments, in order to augment
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the heat two fire-places are constructed, under

each of these enormous caldrons, and the ilame

from these two fires is united in one common

chimnej.

At Solfatara, the natural heat of the soil is

sufficient for the evaporation of the lixivium.

The caldrons are therefore sunk in the ground,

bj which means they are constantly exposed to

a heat of 45 degrees of Reaumur; and the

evaporation, though slow, is uniform, and car-

ried on without the aid of artificial heat. In

works of this kind, conducted on a judicious

plan, the evaporating vessels, or caldrons, are

so disposed, that the water of lixiviation can

readily flow into them, by a natural declivity.

With this view, their superior edge is placed a

little below the level of the bottoui of the re-

servoir, which contains the lixivium. The ves-

sels are first filled with the lixivium, and after-

wards occasionally supplied with an additional

quantity, in order to make up for the loss of

that expended by evaporation. This evapora-

tion is kept up during several days, and whea
the liquor is judged to be of a sufficient

strengih^ the mother ivaters of former opera-

tions are added, in order to bring: it more
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speedily to the requisite degree of concentra-

tion.

In many such establishments, the mother

water is put into the caldrons, previous to the

introduction of the lixivium, while in others,

on the contrary, it is added towards the con-

clusion of the boiling. Of these two methods,

the last appears to me to be the most advan-

tageous, because the mixture of the mother

water retards the evaporation, and consequently

renders the boiling more tedious, by condens-

ing the liquor at the commencement of the

process.

During the process of boiling, it is of use t©

agitate the liquor, not only as it favours the

evaporation, but operates to prevent the depo-

sition of the sulphate of lime, and other sub-

stances dissolved, or suspended in it, as thej

might injure the caldrons by forming a crust,

which, interposing' between the fluid and the

metal, would expose this last to the direct ac-

tion of the heat.

One of the most difficult parts of this pro-

cess is, to determine the proper time for termi-

nating the evaporation, and draining off the

liquor. In some alum works, the liquor is
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concentrated to 60 degrees of Baume's areo-

meter^ while in others^, it is not carried be-

yond 35 degrees. As great difi^erences are^

however;, produced in this respect, not only

by the nature of the sails mingled with the

alum, but also by the proportions they bear

to each other, experience alone can determine

the proper point to which the evaporation

should be carried ; hence, in different establish-

ments, various tests are employed to ascertain

the proper degree of concentration; in some the

boiling is supposed to be carried to a sufficient

length, when a fresh egg remains buoyant on

the surface of the lixivium, while in others

they weigh the liquor in a bottle to compare

its weight with that of pure water. Another

method is, to fill a cup with the liquor, in .or-

der to ascertain whether it crystallizes on cool-

ing. With the same view a given quantity of the

lixivium is eraporated by pushing the concen-

tration to a determined height in the caldron.

These tests, though not extremely accurate,

are yet sufficiently so to enable them to con-

duct such operations with the requisite pre-

cision.

If the lixivium, properly concentrated^ were

VOL. IV. F
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poured in this state into the crystallizing ves-

sels^ we should obtain^ in most instances^, no-

thing but a magma, without consistence^ and

having neither the chemical properties^ nor the

forms of the alum of commerce. To that li-

quor it is necessary to add a certain portion of

alkali, in order to obtain what is properly

called alum.

It is strictly true, that there is no alum which

does not contain a portion of alkali ; but, in

order to obtain alum, it is not necessary to add

alkali to the produce of all the mines. M. Jars

affirms, that at Christineoff in Sweden, no al-

kali is employed. It is a fact, that no use of

it is made either at the mines of Tolfa, or at

Cransac, in the department of Aveyron. The

reason is, that these mines naturally contain a

portion of potash. Monnet has long ago shewn

. its existence in the mine of Tolfa.

The mode of employing the alkali differs

much in the various places where alum is ma-

nufactured. In Saxony, it is not till after the

lixivium has been left to boil in a large reser-

voir for some hours, that they make it pass off

into a vat, where it remains eight days, when

they add the lixivium of soapboilers, and a lit-



APPLIED TO THE ARTS. 67

tie putrescent urine. In Englandj M. Jars in*

forms us, that after the lixivium is properly

concentrated, they mix with it the ashes of

marine plants, called kelp. In Picardy, the

lixivium is concentrated to 50 degrees, when

the fire is withdrawn. They then pour in from

10 to 20 pounds of potash dissolved in water,

to the quintal of alum ; the liquor is briskly

agitated during the process of mixture, and

then drawn off into the crystallizing vessels.

In most alum works they add the potash to

the lixivium, because it then occasions a less

abundant precipitation.

When the solution contains a portion of

copperas, which is not uncommon, the liquor

properly concentrated is poured into the crys-

tallizing vessels, and then the copperas is pre-

cipitated and crystallized.

It is not till after this separation of the cop-

peras, that the potash is mixed with the solu-

tion. A granulated salt is then precipitated,

which consists of alum, and the crystallization

of which separates the small portion of the

sulphate of iron which it contained.

If the mine be very rich in copperas, the

mother 'waters are concentrated and set apart

f2
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to crystallize a second time^, in order to sepa-

rate a new quantity of crystals of the sulphate

of iron ; after which potash is added^ in order

again to obtain alum.

When the liquor is united with the potash,

before the separation of the copperas, the alum

crystallizes first. On the other hand, it crys-

tallizes second, or not at all, when the potash

has not been added, because there is wanting

to it a principle, without which it has no con-

sistence.

Instead of employing potash to saturate the

liquor, all those salts w hich contain it, may be

jjsed ; even soda, and urine in a putrescent

slate, as furnishing ammonia, will answer this

purpose.

The alum obtained from a lixivium to which

soda has been added, assumes, on exposure to

the air, a dull whitish colour, similar to that

of sulphate of soda on beginning to effloresce.

It is curious to observe the instantaneous

cftect produced by the sulphate of potash on

that of alumine. When to the lixivium of the

last mentioned sulphate, concentrated to 20

degrees of Baume's areometer, is poured a

saturated solution of sulphate of potash, the
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most beautiful crystals of alum are obtained in

less than an hour.

All those chemists who have speculated on

the action of alkalies in the formation of alum,

have only viewed this process as a means of sa-

turating an acid in the state of excess, or of

precipitating the oxyde of iron.

Bergmann himself has proposed to saturate

the superabundant acid, by pure alumine ; but

I have proved, that there is then f -imed a com-

bination very different from the alum of com-

merce, since the alumine which is added, is

precipitated by evaporation in the form of a

white earthy insoluble in water, and which

assumes no regular form.

If the alkali only served to saturate the su-

perabundant acid, wherefore should not lime,

metals, and magnesia, produce the same effect .''

Why should not the neutral salts, with a base

of potash, supply the place of the alkali ?

In all these cases the potash combines, not

with the acid alone, but with the sulphate of

alumine ; and hence results the triple salt, de-

nominated alum.

It has been observed, that instead of using

potash, putrescent urine is sometimes em-
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plowed ; and even in some manufactories, both

are used. Hence it is, that the analysis of dif-

ferent kinds of alum presents sometimes pot-

ash, sometimes ammonia, and sometimes both

potash and ammonia.

Alum is not brought to its proper degree of

purity by a single crystallization. It general-

ly contains too great a proportion of acid, very

often a portion of the sulphate of iron, and of

that of magnesia, from which it is disengaged

by solution in boiling water, and crystalliza-

tion ; for the excess of the acid, and the two

sulphates remain in the mother waters, after

the alum has crystallized. At Whitby, in

England, the solution is drawn off into casks,

when the alum concretes into a mass; the

hoops are then taken off, when it is broken and

left to dry, before being put into casks, to fa^

cilitate its conveyance.

In other manufactures, such as those of Swe-

den, Picardy, Norway, &c. the alum is washed

with cold water before being dissolved in boil-

ing water. This washing dissolves and carries

off the copperas, and the sulphate of magnesia.

It is performed in different ways ; 1st. upon

tables gently inclined, and furnished with
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ledges on the sides, and over which an unin-

terrupted stream of water is made to flow ; 2.

by means of baskets into which the alum is

put, and which is in this state repeatedly

plunged into water.

Bergmann justly observes, that alum made

without the addition of the mother water, is

always the most pure ; for it is only at the mine

of Tolfa, that a mother water is obtained,

which contains almost nothing but alum. But

the addition of mother waters is useful, not

only in respect of economy, since it furnishes

a great deal of alum, but also in regard to the

time, which would otherwise be employed in

evaporation.

ARTICLE II.

Of artificial Alum.

The rapid progress which chemistry has

made in the present age, has produced a very

useful revolution in the arts : not only has it

thrown light on the various processes, but it

has even taught the artist how to manufacture

the various articles he employs.
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It has done still more ; for by it we have

been eiiabhd artificially to form man}' of those

compotmd substances which were formeilv ex-

tracted with much labour from the bowels of

the earth; such as alum^ copperas^, &c. and

from the progressive improvement of the dif-

ferent operations employed for this pur;^ose,

"we may confidently hope, that our manufac-

tures will shortlv furnish a sufficient supply

^br all the purposes of commerce.

The first alum produced in this way in

France, was at my iaboratory at Montnelier,

and at the manrifactory of Javelle, in Paris.

The processes, however, employed in their for-

mation were very different in these two esta-

blishments.

At Javelle, the argil of Gentilly is first cal-

cined, then pulverized, in a mill adapted for

the purpose, and afterwards mixed with a

sufficient quantity of sulphuric acid. After

rem lining a few days in this state it is removed

to an oven, and exposed during twenty-four

hours, to the action of a heat from 50 to 60

degrees of Reaumur. It is then subjected to

the process of lixiviation, evaporated, and the

urine or potash added in a proper quantity.
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At Montpelier the argil;, previously pound-

ed;, is kneaded up with half its weight of the

product from the combiistiou of the saltpetre

and sulphur employed in the formation of

sulphuric acid ; it is well known Ihat this re-

siduum consists almost entirely of sulphate of

potash. Balls from four to six inrhes in dia-

meter are formed of this substance and carried

to a potter's oven to be calcined. They are

then disposed on floors and on boards placed

for the purpose in the apartment appropriated

to the manufacture of sulphuric acid.

By the action of the sulphuric vapour these

balls quickly swell, crack, and open, so that at

the end of three weeks or a mouth, they are

sufficiently penetrated bv the acid, on which

they are exposed to the air under sheds, in

order that the saturation may be more com-

plete. They are next lixiviated, and the lixi

"\ium evaporated in the usual manner.

Since that time this process has been greatly

improved by M. Berard, my pupil, and at pre-

sent the proprietor of that establishment. He
carefully mixes the sulphate of potash with

the argil ; this he forms into balls, which are

then calcined, and afterwards sprinkled o\e;-



74f CHEMISTRY

with a quantity of sulphuric acid, of the

strength of 40 degrees, equal in weight to the

argil employed. This proportion must, how-

ever, be varied according to the nature of the

argil.

The solution of the earth thus calcined and

potaslicd, is accomplished with great rapidity.

The acid does not become more quickly sa-

turated with potash, than it does with this

earthy and alkaline combination.

M. Curaudeau has also published a process

for making alum, which is certain and of easy

execution. He dilutes 100 parts of argil in a

solution of 5 parts of sea-salt, and forms a

paste, to which he gives the shape of loaves,

in order to calcine them in a reverberatory fur-

nace. He then reduces the calcined residuum

to a powder, and pours upon it a fourth of its

weight of concentrated sulphuric acid, care-

fully agitating the mixture. When the fumes

of the muriatic acid are dissipated, he adds a

quantity of water equal to that of the acid,

still continuing to stir the mixture. A strong

heat is thereby produced, the composition

swells, he continues to pour in water, and ter-

minates the process by adding a solution of
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potash^ in which the alkali equals a fourth of

the weight employed. On cooling the liquor

crystals of alum are formed three times the

weight of the acid.

There is another method, which I have for

some time pursued in my manufacture at

Themes near Paris^ and which M. Bouvier

follows at present, with as much success as in-

telligence. It consists in mixins: tos^ether 100

parts of argil, 50 of nitrate of potash, and 50 of

sulphuric acid, at 40 degrees of concentration.

This mixture is put into a still, to which is fit-

ted a receiver, when the distillation commences.

The nitric acid is expelled hy the sulphuric

acid, and when the di^illation is finished, the

residuum requires only to be lixiviated in order

to furnish alum of the best quality.

This process is so much the more interesting,

that it furnishes the means of carrying on at

the same time two important operations, the

fabrication of alum and the distillation of aqua

fortis. It is scarcely necessary to observe that

the proportions ought to vary according to the

nature of the earth that is employed ; and that

here, it is of the greatest importance to employ
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a very aluminous argil, in order to diminish the

weight, and to obtain a greater product from

the same distillation, augmenting at the same

time the proportions of the saltpetre and the

acid.

In commerce there is a considerable differ-

ence made between the different kinds of alum.

On this subject the influence of opinion is

such, that every kind of alum bears a fixed

price, and the Roman alum is constantly sold

at least one-third above that of others.

Some years ago, M. Vauquelin and myself

published the result of our analyses, from which

it was evident, that the real or supposed supe-

riority of the Roman alum did not arise from

an imaginary excess in its base. In a short

time, some manufacturers availed themselves

of this circumstance, and sold, under the name

of Roman alum, a kind that was purified and

whitened externally, bj' a little pure alumine,

slightly ochreous, and of a reddish tinge.

The consumer did not at first perceive any

difference ; but when aware of the imposition

that had been practised on him, he rejected

every kind of alum bearing the name of Ro-
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man, and at present pays the same price for

the alum of Messrs. Bouvier, Curaudeau, and

others, as for the refined alum of the mines.

Messrs. Roard and Thenard subjected the

different alums of commerce to a comparative

trial on a great scale, in the celebrated manu-

facture of the Gobelins at Paris, by which

they ascertained : 1st. That all kinds of alum

may be used indiscriminately, in the dyeing of

wool; even those in which a greater portion

of iron than usual is held in solution. 2. That

the different qualities of alum were very per-

ceptible in their application to silk or cotton.

3. That all the alums of commerce when redis-

solved and crystallized, constantly produced

the same effect. This interesting series of ex-

periments has decided that important ques-

tion ; and an additional benefit has been thus

rendered by chemistry to commerce and the

arts.
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SECTION VI.

Of the Comhinations of Sulplmric Acid zvifli

Iron.

The sulphate of iron produced by the union

of the sulphuric acid with iron is known ev^n

at present under the various appellations of

copperas, sal martis, green vitriol, salt of steel,

vitriol of iron, &c. The first naturalists who

noticed this salt have onlj given us vague ideas

respecting its nature ; the names bestowed on

it, therefore, are all deduced : 1. From the dif-

ferent states through which the pjrites passes ;

such as those of chalcitis, sort/, misy." Sory

transit in chalciiim et chalcitis in misT/." Pliny, 2.

From the different states under whicli it presents

itself; as trichitis, which expresses the small

loose crystals that are found in the mines;

stalactites, or that which is found in stalactites;

cupri-rosa, or tjjat which assumes the form of

flowers or dendrites. 3. From the uses to

whicli it has been applied ; atramentum metal-

licum, scriptorium, sutorium, &c. The fol-

lowing are the charac((;r^ of this salt.
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1. The colour varies from a whitish greeu^

au emerald green, to a deep bottle green. This

variety of colour arises in an especial manner,

from the degrees of oxjdation of the metal and

the proportion of the acid.

2. It is of an astringent^ or somewhat metal-

lic taste.

3. It effloresces on exposure to the air, and

falls down in a white or yellow colour, accord-

ing to circumstances which will be afterwards

explained.

4. It melts upon the fire, boils, and forms a

whitish powder, which by continuing the heat

becomes red ; and on the application of a

more intense heat yields afterwards sulphuric

acid.

5. It is soluble in six times its weight of

water, at the temperature of 60 degrees of Fah-

renheit. Boiling water dissolves one fourth

part more than its own weight.

6. It is insoluble in alcohol.

7. The alkalies added to its solutions, pre"

cipitate it in white flakes, which suddenly be-

come green With tannin it forms a black

precipitate, with prussiate of lime a blue pre-

cipitate, and a yellow precipitate with oxalic

acid.
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8. It crystallizes in rhomboidal prisms, of

•which it assumes all the modifications.

9. The proportions between its constituent

principles are.

According to

Berjrmann, Kirwan,

39 acid 26 acid

23 oxvde 28 oxyde

38 water 8 water of composition

38 water of crj stallization,

10. The specific weight, when compared with

that of water, is in the ratio of 18 to 10.

Before describing the processes by which

the copperas of commerce is formed, I think

it necessary to point out the different states of

oxydation of which iron is susceptible in its

combinations with the sulphuric acid.

Mr. T. Thomson thinks that the black oxyde

may unite itself with water, and form a hydrate

of a green colour. By this he explains the

reason why the precipitates by alkalis are green;

he considers the oxide in the sulphate of iron,

as being in the state of hydrate, and refers to

the disengagement of the water by heat, or to
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its solution in alcohol, when the sulphate in

powder is presented to it, the white colour

which the salt assumes under these circum-

stances.

This idea of Mr. Thomson's, with regard to

the cause of the green colour, is corroborated

hy a well known experiment. When the eva-

poration of the solution of sulphate approaches

40 degrees, a white precipitate takes place,

which is nothing but a sulphate deprived of its

water of crystallization ; it is sufficient to dis-

solve it in water to communicate a green co-

lour, which proves that it is to this water

that the green colour is owing.

M. Proust conceives, that the sulphate of

iron is only susceptible of two states of oxyda-

tion ; namely, 21 and 48 of oxygen, to 100 of

iron : he does not admit any intermediate de-

grees.

The first state forms, according to him, the

green crystallized sulphate, in which Lavoisier

has demonstrated, that the iron contained -No

of oxygen. This salt, when it is pure, says

M. Proust, forms a green solution, which is

unalterable by the gallic acid, and is not ren-

dered blue by the alkaline prussiates,

VOL. IT. G
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The second sppcies of sulphate, according to

the same chemist^ forms that combination, which

is, red, deliquescent, uncrystallizable, soluble in

alcohol,unchangeable bythe oxy-muriatic-acid,

and which is obtained by treating that acid

with the nitric acid, until the solution yields no

longer any nitrous gas by the action of the

nitric acid. This sulphate forms exclusively a

black precipitate with the gallic acid, and a

blue one by the alkaline prussiates. In this

case the oxydation is carried to 48 in the 100.

M. Proust adds, that if the green sulphates

when in contact with the air assume a colour

which appears to belong to neither of the two

species, it is a proof that it is a mixture. The

alcohol will separate the red sulphate from it;

and the green sulphate will produce a green

precipitate, with the pure or caustic alkalies,

acquiring a black colour under water, while

the red sulphate will yield a reddish yellow

precipitate, unalterable in the air, and by the

oxy-muriatic acid.

The pure green sulphate added to a satur-

ated solution of prussiate of potash forms a white

jk'ussiate. An extremely puregreen sulphate is

obtained by adding water saturated with sul-

phurated hydrogen gas to the red sulphate, be-
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<iause thus the iron in the state of the red

oxvd is deoxygenized.

With a view to preserve the colour of the

precipitate, formed by the affusion of the solu-

hition of the prussiate upon the green sulphate

of iron, the mouth of the fiask must be imme-

diately closed. The white deposition quickly

acquires a green tint which does not become

deeper if the fiask be kept shut. .

The white isconNeted into a blue prussiate

by tU^. contact of air. In this case, the oxyd

of iron acquires the maximum of oxvddtion,

by seizing the oxViien of the air. Tiie acids

which'can supply the oxjgen, such as the oxy-

rauriatic and the nitric, convert the white into

the blue prussiate, more or less quickly accord-

ing to the facility with which they part with

their oxygen.

The solution of sulphurated hydrogen re-

stores to the state of a white prussiate that

which had been changed into a blue prussiate

by re- absorbing its oxygen. The transition from

the white to the blue prussiate is marked by

a green tint, which appears to be owing to the

existence of a mixture of prussiate and sulphate

of potash of a yellow colour.
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In every case wherein the prussiate of potash

is employed to decompose a martial salt, in

which the oxyd is at its maximum, we obtain

a blue prussiate upon which the acids cannot

act, without decomposing the prussic acid.

Not only does sulphurated hydrogen restore

the blae to the state of white prussiate, but

plates of iron or tin put into water with the

blue prussiate produce the same effect. The

oxygen partly separates from the oxyd, and is

transferred to the metal, A similar pher.ome-

non occurs in the formation of sweet mercury,

mercurius dulciSy by the mixture of corrosive

sublimate with mercury.

M. Proust confounds the denominations of

the red and yellow oxyds, because they arc

both saturated with oxygen. But whatever

acid is employed to dissolve the red oxyd, it

always yields a yellow precipitate by means of

pure alkali.

From all these facts we may conclude that

when an infusion or tincture of galls is mixed

with a solution ofgreen sulphate, there is only

one portion of the green sulphate which pro-

duces a black colour, while the remainder

whitens or bleaches. Hence it appeal's
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to result: 1. that solutions of iron are im-

proved by time, provided that the oxydation

be uniformly kept up by the contact of air ; 2.

that dyes and inks grow black by exposure to

air.

It will be seen in the sequel, that I have

applied this principle with advantage to all

the operations in which iron is employed. It

is sufficient at present to observe, that by

calcining the green sulphate to redness, and by

dissolving the residuum, effects are produced

very superior to those obtained from the em
ployment of the sulphate sold in the shops.

Besides the green and red oxyds, which are

found in the different combinations of iron

with the sulphuric acid, M. Thenard has also

discovered in them a white oxyd. It is ob-

tained by decomposing the sulphate by a

caustic aikali, on the addition of which there

instantly appears a white precipitate, which

quickly assumes a green colour, but eventually

becomes red.

According to M. Thenard, this white oxyd,

saturated with sulphuric acid, constitutes the

greatest part of the sulphate of iron sold in the
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shops. Nevertheless, this oxjd, when it i«

united with a small excess of acid, yields a sul-

phate the colour of which is a clear emerald-

green, ii stead of the deep bottle-ureen, cha-

racterising that \Ahich, in commerce, is held in

the highest estimation.

The sulphates may contain iron in these

three difi'erent states ; the characters belongiiig

to each of which we shall proceed to point

out

The sulphate of the white oxyd is formed

when the iron is treated with sulphuric acid.

When the saturation is perfect, this sulphate

is of a bottle-green ; it is this colour which is

most esteemed in commerce. It effloresces and

falls down inio a white powder, decomposes

the oxj-muriatic acid, and the oxyd changes

to a grten or red colour.

The saturated sulphate of the green oxyd

does not crystallize; it absorbs oxygen from

the a'mosphere, deposits a neutral ydlovv and

highly oxydized sulphate of a red colour,

though its oxyd be green. The muriatic acid

oxygenizes trie oxyd to its maximum, and the

iron again reduces it to the state of the white
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oxjd. When combined with a superabund-

ant acid it loses its red colour; it then assumes

the form of crystals^ which approach in colour

to an emerald-g;reen ; they neither effloresce,

nor are they subject to deliquescence.

By treating the red oxyd with the sul-

phuric acid we obtain its sulphate ; this sul-

phate throws down a yellow precipitate from

the solutions of the sulphate of the white and

green oxyds.

When saturated, this sulphate is always of a

yellow colour.

These three sulphates may contain a super-

abundant acid which modify their properties.

The oxyd of iron requires for its saturation

a quantity of acid so much stronger, as it is

more oxydized. It possesses this property, in

common with all the other melallic oxyds.

In pursuing this subject we shall follow the

same method as when treating of alum, and

consider it under the two separate heads of

native and artificial sulphate.
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ARTICLE I.

^ Of Artificial Sulphate.

Almost all the sulphate of iron employed in

the arts, is procured from the decomposition

of martial pvrites.

The nature of these pyrites varies, not only

in regard to their mixture with other earthy,

metallic, or bituminous matters, but especially

with regard to the proportions in which the

gulphur and iron are combined with them.

Pyrites displays all the intermediate shades

of yellow, from a grey to a deep golden co-

lour.

Pyrites moreover appears under a great va-

riety of forms ; frequently it is found disposed

in marly, schistous, and other clays, in more

or less regular cubes of different sizes. They

are som imes found of a spherical form, and

in this case they a e composed of many small

pyramids, the points of which all unite in the

centre of the mass; these pyramids are often

terminated at the circumference by very short
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pvramids, commonly of a tetrahedral form^ and

having their bases joined to those of the first.

Pyrites sometimes exists in large masses,

forming strata frequently of a considerable

extent. When found in this state, it possesses

much hardness, and strikes fire with steel. Its

colour though sometimes brilliant, and of a

lively yeilovv, is yet more frequently dull ; its

fracture very often displays veins or yellow

points of greater brilliancy than the rest of the

mass. It is not unusual to find pyrites of a

very dark fawn-colour. In its fracture it

often exhibits many different shades of colour

;

it is sometimes studded over with large black

spots ; this kind is in general readily decom-

posed. It is also found intermixed with earths,

bitumens, and rocks, which are then character-

ized by the appellation of pyritous substances.

The extreme division of the pyrites, when un-

der this last form, by facilitating the action

of the air and water, hastens its decompo-

sition.

According to the various states in which

pyritous substances are found, they are more

or less susceptible of decomposition, or vitriol-

ization. In general this process is more diffi-
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cult and tedious in proportion to the quantftj

of sulphur they contain. I have uuirormly

observed thai the spherical pyrites is more rea-

dily vitriolized than the cubical ; that among

the former^ those whose surface is rough, are

more refractory than others whose surfuce is

siMOoth ; that those which are of a striated

texture^ efliorcsce more rapidly, and that the

pyrites disseminated in pitcoal and other bitu

minous matters is more easily decomposed

than that wbicli is formed in masses of hard

.stone.

Eut whatever be the nature of the pyrites,

the sulph.ate is never found ready formed in the

mass, till it has undergone decomposition.

This fact, which the modern doctrine of vi-

iriolizaiion has rendered unquestionable, had

been known and confirmed by the numerous ex-

periments of Henckel.

The formation of the sulphate depends then

essentially on the decomposition of the py-

rites ; and it is this decomposition which it

termed efflorescence, Titriolizationj &c.
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SECTION I.

Of Vitriolizalion.

Vifriolization cannot occur without the aid

of air, or of a body which, by its deconiposi-

tion^, maj supply the pyrites with oxygen.

Henckel long ago irrefragably proved that

the presence of air was necessary to this pro-

cess ; he even affirmed, that the air enters into

combination with the pyritic matter, non ut in-

strumeritum iransiens, scd ut immanens.

This assertion which, considering the time

when it was made, may be viewed as extreme-

ly boid, has of late received the most ample

confirmation.

The whole art of vitriolization consists,

therefore, in employing the most suitable

means for converting sulphur into sulphuric

acid, and to facilitate, in this way, the for-

mation of the sulphate of iron. The pro-

cesses employed in different manufactures, to

answer this end, are variously modified accord-

ing to the nature of the mineral. But as my
object is not so much to detail difl'erent pro-
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cesses as to point out the principles on which

ihsy depend, I shall here divide pyrites into

three kinds. , I have confined mjself to this

small number from a conviction that all the

methods employed in our manufactures maj

be referred to one or other of these divisions.

1. Pyrites with an excess of sulphur.

2. Pyrites in which sulphur and iron are

contained in due propoitions.

3. Pyrites impregnated, with bituminous

matters.

1. When the sulphur is superabundant in

the pyrifesj it tends to prevent the oxydation

of the iron^ and the vitriolization or efflores-

cence either does not occur, or proceeds very

slowly. In tliis case a portion of the sulphur

must first be separated by the distillation or

roasting of the mineral, as has already been

shewn under the article sulphur, after which

T?ye proceed to the vitriolization of the scorias

or residuum.

For the most part it is reckoned sufficient to

expose to the action of the air the residuum

of the distillation or roasting, and while the
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vitriolization continues, to water it occasion-

ally, with tlie Yiew of facilitating the efflo-

rescence. In proportion as the copperas is

formed, it is washed off by the waters, and de-

posited in basins, wherein it is allowed to re-

main, till it is transferred into the evaporating

pans.

At Dilta, in Ncricia, a province of Svvedeii..

after separating the sulphur, on which account

alone the pyrites is wrought, the residuum is

yitriolized to procure the copperas.

At Schwartzeruberg, in Upper Saxony, the

residua of the distillation are left exposed to

the air during two years, after which they are

twice or thrice lixiviated, to eifect the soiutioa

of the copperas.

lu the duchies of Liege and Limberg, the

vitriolization is accomplished either by leaving

the pyrites to spontaneous decomposition, or

by collecting the crude pyrites in heaps, in the

middle of which an empty space is left, into

which are thrown the residua of the distilla-

tion, red hot from the cylinders. This stjatum

of inflamed pyrites is covered with the crude

mineral, and the mass left to heat, and fall

into decomposition.
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2, When the sulphur does not superabound^

the distillation is superfluous, in this case, it'

the pyrites be hard, and difficult of eliiores-

cence, it is previously calcined to reader it sus-

ceptible of vitriolization.

In some works the p3'rites is strati fipd Vv'ith

the fuel. In this way the mass is sometimes

raised to tlie height of twenty feet by forty

ftet injeiigth. The fire is a]. plied to the pile

in many points at once ; but as it spreads

slowly, seven or eight days usually elapse be-

fore the calcination is completed. The pyrites

is afterwards left to effloresce, and occasionally

moistened to hasten the decomposition. This

method, we are informed by Monnet, is pur-

sued in many establishments, such as in those

of Lc'ige and Limberg,

At Geyer, in Upper Saxony, the pyrites is

subjected to calcination during- tifteen days.

In no case ought the roasting to be pushed

io too great a length, as a double inconveni-

ence would thence resnii, since thus not only

would a portion of the sulphur be dissipated,

but likewise the copperas, which is formed

during the calcination, be decomposed.

tleuce we should confine our efforts to fa-

#
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voiir the process of vitriol ization, and leave to

the agency of time to produce an accurate

combination of the different principles.

There arc many kinds of pyrites which ef-

floresce so readily, as to supersede tlie necessity

of calcination. Of this nature are the kinds

of pyrites wror.g'ht at Newcastle upon Tyrje,

at Alriis in France, &c. At these- ditTercnt

places, after the pyritoas mineral is extracted

from the mine, it is left to effloresce.

The process of vitriolization is extremely

simple. Beds or strata, from three to four feet

in heig;ht, are formed with fragments of the

mineral, as they are drawn from the iniixe.

The ground on which these beds are raised

ought to be firm, and impervious to w ater. It

should also form an inclined plane, in order to

favour the eftiiix of the waters of lixiviatioii

into trenches, or furrows cut for its reception,

aad uniting in one common reservoir.

In this manner, after the pyrites is decom-

posed, and the saline matter dissolved by the

waters, it is carried intt* the common re-

servoir.

In proportion as the decomposition pro-

ceeds, the pvritons matter becomes heated;
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and in order to keep up this heat, the mass is

occasionally watered, particularly when the air

is dry and warm.

When the first water of Vixn iation is not suf-

ficiently impregnated, a circumstance Mhich

may readily occur after much rain, it is affus-

ed anew upon the mineral.

Nothing is more esseatial to the success of

-works of this kind, in which the process of vi-

triolizaiion is left to the agency of nature, than

to accumulate the pyritous mineral in exten-

sive heaps, and to expose as large a surface of

it as possible to the combined action of air and

water, in order that the waters of lixiviation

may be richly impregnated, and yield an ample

product of copperas.

These beds continue long to be productive,

and are only exhausted after a lapse of many

years. When the pyrites is pure, very little

residuum is left behind.

If the vitriolization diminish, the stratum

must be turned, and again exposed. It is only,

however, in this case, that such a step should

be taken, for if the efflorescence be going on,

it would only tend to retard its progress.

On the British coast, and the opposite one
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of France, is found rounded pyrites^ extremely

susceptible of efflorescence^ and yielding cop-

peras of an excellent quality. I have seen at

Honfleur a manufactory of copperas^ which is

procured from a pyrites of this nature, collected

from among the pebbles thrown out by the

sea.

Some blackish earths contain pyrites in mi-

nute grains^ which are decomposed with the

greatest facility. This kind of ferruginous

earth abounds in alumine, and yields, by vitri-

olization, the sulphates of iron and alumine.

A similar species of earth is wrought at Crem-

nitz, in Hungary, and Baurin in Picardy, in

France.

3. Pyrites is also very often found in pit^

coal, and other bituminous matters, though

it is not present, in equal abundance, in all of

them. In some, the sulphur is scarcely per-

ceptible, while others exhale so strong a sul-

phureous odour during combustion, as scarcely

to be supportable. These last, when exposed

to the air, arc so susceptible of decomposition,

that they frequeiitly take lire, and burn vio-

lently.

VOL. IV. H
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The eliiorescence of the different species of

pit-coal, and other bituminous substances, does

not uniformly vield the same products. Some-

times the alumine predominates, in which case

alum is principally produced ; when^, on the

contrary, the iron superabounds, the sulphate

of iron is the chief product. Frequently the

alumine and iron are found united in these

kinds of pyrites.

The inferior rainas of pit-coal, characterised

by the appellation of p?/ntous or sulphureous,

are merely wrought for the sake of the alum or

vitriol contained in them. The nature of this

coal is easily detected by the sulphureous odour

it exhales during combustion, from the exist-

ence of pyritic \eins in its strata, and especi-

ally from its want of consistence^, and the pro-

perty it possesses of falling into powder on

exposure to the air. Other characteris.tic marks

of this species of coal may be taken from its

becoming hcateTl when amassed together in a

heap, from its injurious action upon copper

or iron vessels, from its being unfit for the

forge, or as a (lax for metals, which it renders

brittle, and from its being covered with saline
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efflorescences, the analysis of which shews to

what purposes tliis pjritous substance maj be

most advantageously applied.

In the Beauvoisis, the pyritous pit-coal is

wrought in order to procure copper ; it is first

exposed to the air for a short time, in which

situation it very speedily effioresces, when it is

remoyed beneath sheds, and disposed in thin

beds, until its llxiviation be completed.

In several parts of Picardy, audSoissonnois,

are found strata of a pyritous black earth, vul-

garly known under the name of coal-:arth.

This earth is decomposed on being brought

into contact with the air ; it becomes heated

and takes fire, and the residuum of this com-

bustion may be advantageously employed as a

manure.

These beds are usually incumbent on argil-

laceous strata, and covered with an excellent

friable, and ochreous mould. Several copperas

woxks have been already established in the

neighbourhood of these pyritic beds. The vi-

triolization of this kind of mineral is performed

with some difficulty, owing to its aptitude to

take fire when collected together in a large

heap.

H 2
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It should seem that pyritons strata have

been formerly more abundant than at present,

since our globe every where exhibits traces of

their decomposition.

Oehreous earths, and volcanic remains at-

test their early existence, while our warm

springs and burning mountains sufficiently

prove, that there are still contained in the in-

terior of the earth extensive beds of pyrites in

a state of decomposition.

§ n.

On the Lixiviation of Vitriolized Pyrites,

When vitriol is formed by the decomposi-

tion of the pyrites, it requires to be extracted,

and this operation is termed the washing ox lix-

iviation of pyrites.

It has been already observed, that when' py-

rites is decomposed in the open air, formed into

beds upon the ground, the lixiviation is spon-

taneously performed by rain water.

In vitriol works, ditches or reservoirs arc

formed, in order to contain the pyrites, which
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is covered with wafer during the space of

twenty-four hours, after which it is poured

info a common reservoir, and allowed to de-

j)urate before being removed into the evaporat-

ing caldrons.

When the mineral docs not contain much

vitriol, it is necessary to pour the same water

upon several beds successively, in order that it

may become more completely saturated.

In most of these establishments the waters

of lixiviation are conducted into reservoirs,

where they begin to deposit the ochre and

other extraneous bodies suspended in them, af-

ter which they are removed into a common re-

servoir, in which they become still further de-

purated ; and it is from this last reservoir that

theevaporating vessels are supplied.

The evaporation is generally performed in

leaden caldrons^ which vary in their capacities

in ditferent manufactures. M. Jars saw them

in England of live metn?s ( I'j f et English) in

length, by 4 metres ( 13 feet English) in width.

These enormous vessels are placed upon plates

of cast iron, which are support d in their turn

by strong arches of brick- work ; and -he fhe-

place is constructed exactly iiithe middle.
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The most general size of these caldrons is only

however, one metre (from 3 to 4 feet English)

in length, bj two iiietres (from 6 to 7) in

width, and three metres (from 9 to 10) in

length. They are set upon strong iron bars

covered with very thick plates of sheet iron, in

order to prevent them from sinking at the

empty spaces left between the iron bars.

The lixivium from the common reservoir is

usualh carried to the caldron by means of a

small pipe coinmunicating from the one to the

other ; and in this way likewise the waste oc-

casioned by evaporation is easily supplied, and

the liquor preserved at the same height during

the process of boiling.

The evaporation is corttinued ti-l a pellicle

is formed on the surface of the liquor; but if

the coiuentration he carried beyond the 40ih or

41st degrees of Beaumt s areometer, it becomes

turbid, and throws down a wiiite precipitate

which attaches itself to the bottom of the cal-

drons, and greatly injures tnem.

After withdrawing the tire, the liquor is left

to settle for a few hours, and then drawn off

into the crysfallizing \essels. At the termi-

nation of eight or ten days, the crystals which
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are formed are removed, and the mother waters

are allowed to drain off.

In all these establishments, the lixivium is

mixed with a portion of the mother water ; but

in some of them this is done at the beginning of

the boiling process, while in others it is delay-

ed until towards its conclusion, and this last

raetliod appears to me to be attended wiih the

greatest advantage.

In England, and other countries, pieces of

old iron are thrown into the caldron in which

the liquor is boiled, with the view of saturating

the superabundant sulphuric acid, which is

generally present in the lixivium, as well as

decomposing the small portion of sulphate of

copper, from whic^ the mineral is not alwavs

wholly free.

Square wooden vessels 0,650 metre (nearly

3 feet English ) in length, and the same in

depth, are frequently employed for the piupose

of crystallization ; but sometimes they are con-

structed of mason work, and the surface co-

vered with a good varnish ; casks or vats are

also sometimes us d for this purpose, as they

can be easily moved when the mother v/aters

^re to be drawn off.
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ThornSj or sticks placed cross-wise, are fre-

quently disposed in the crystallizing vessels^

with' the view of favouring- the crystalli-

zation.

It has been already mentioned, that when tlic

evaporation is carried beyond 40 or 41 degrees

of Beaume's areometer, the liquor becomes tur-

bid, and throws down a white powder, wliich

acquires the consistence of plaster, and is de-

tached with much difficulty from the bottom of

the caldron. This deposition more readily

takes place when the liquor is acid than when

it is duly saturated.

In aijk cases, as soon as the deposition is

formed, the liquor is so much weakened as to

lose from 5 to 6 degrees of concentration ; it

recovers its green colour, and the evaporation

may be continued to the same degree as for-

merly, when a similar deposition takes place,

and is followed by an equal diminution in the

strength of the fluid. Thus by a repetition of

this process, the whole of the sulphate dis-

solved in the lixivium may be converted into a

vvhitibh piecipiiate.

On anahsiiigjthis precipitate I found it to

be a sulphate deprived of its watet of crystal-
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lization, and nearly resembling tlmt ^Ybicll is

obtained by dcprivijig tlie green sulphate of

its colour by means of he^t.

I distilled separate!)' equal parts of the green

and white sulphates; the first yielded the usual

quantity of water of crystailizationj but none

was furnished by the second.

I dissolved the white sulphate in the \yatcr

obtained from the distilhilion of the green sul-

phate^ by which nieans it was converted into a

green sulphate.

The precipitate in question is therefore a

white sulphate destitute of the water of crys-

tallization.

It appears then, tliat when tlie waters of

lixiviation have been brought to that degree

of concentration that a sufficient quaritiiv of

water is not left to supply the water of crys-

tallization to the whole sulphate contained hi

the bath, a portion of it is precipitated in the

form of dry sulphate; it is even probable that

the different degrees of oxydation in which the

iron is found in the solution, concurs to pro-

duce this phenomenon, and that the greater or

|{*ss solubility of the sulphates, according to this
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degree of oxydation, occasions the precipita-

tion of one portion before tiie other.

ARTICLE II.

Of the Artificial Sulphate.

Copperas is manufactured in the same man-

ner as alum.

Several works of this kind are established at

Paris^ Rouen, and Monfpelier.

The methods bj which the artificial sul-

phate of iron is procured, may be divided into

two kinds.

The first consists in the formation of arti-

ficial pyrites, which is afterwards subjected to

the process of vitriolization.

The second has for its object the direct

combination of the sulphuric acid with the

iron.

1. Artificial pyrites is formed by carefully

mixing equal parts of filings of iron and sul-

phur, and afterwards moistening them with a

sufficient quantity of water to form a paste
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This mixture becomes heated, swells up and

inflames ; it is known under the name of Le-

Vicn/s volcano, because that chemist appears to

have been the first who devised this experi-

ment.

When this method is employed in copperas

works, it is necessary to avoid inSammation, as

it partly decomposes the sulphate, which may

be easily done by occasionally stirring and

turning over the mass, whenever the hekt be-

comes so great as to appear ready to burst out

into a flame.

I have myself formed very beautiful sulphate

in this manner, employing however a less pro-

portion of sulpliur ; but I uniformly observed

that a considerable quantity of ochre was pro-

duced, which escaped tVom the combination,

and which appeared to me from the result of

several experiments to be in proportion of one

fourth of the iron employed,

I have also used in my experiments on \i-

trioiizaticn, solphurets of iron produced direct-*

ly by the action of fire ; but I have uniformlj

found their decomposition to be extremely'

tedious a'.id difficult, so that the mixture ap-

peared to me to be greatly preferable.
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2. The preparations of sulpTiuric acid lias

attained to such a degice of perfection, and

works of this kind have lately become so nu-

rnerouSj that the consumption of the acid falls

greatly short of the quantity prepared, which

has induced the manufacturers of this acid to

turn their attention to its combination with

alumine, or iron^ in order to form alum^ or

copperas.

The solution of iron in the acid is pcrform-

ed in several diiferent ways.

A. By pouring diluted sulphuric acid into a

cauldron, adding to it a sufiicient quantity of

iron. In this v»ay the solution is gradually ac-

complished, a copious precipitation ensues,

and the liquid almost entirely disappears to-

ward the end of the process. This precipitate

is formed into beds, and occasionally tun;ed,

until it be sulTicieiitly lixiviated to form cop-

peras.

]i. By pouring one part of concentrated

sulphuric acid into tlu'ee parts of water, and

dissolving iron in this mixture, until it be com-

pletely saturated.

C. By taking the water, concentrated to

o5 degrees, from the chambers or receptacles^
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wherein sulphuric acid is prepared bj burning

suIpiiUi', and saturated with iron.

In all these cases, it is necessary to employ

towards the end of the process, the iron in a

very divided form, as in that of filings, for ex-

ainrle, or otherwise it will be diliicult com-

pletely to saturate the acid.

Cast iron dissolves with greater difficulty

than forged iron.

As the evaporation and crystallization do

not requ'ie an> "particular process, we shall not

here enter into any detail concerning them.

SECTION VII.

On the ComMnations of Sulphuric Acid ivith

Copper.

The sulphate of copper, termed blue vitriol,

Cyprus vitriol, &c. though less extensively em-

ployed than either alum^ or sulphate of iron,

is nevertheless so much used as to merit a par-

ticular place in this work.

It is of a blue colour, which is unchangeabU

by the action of the air.
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It readily crystallizes, and the usual form of

(he crystals is that of rhomboidal parallelo-

pipeds.

It is of an astringent and sotnewhat metallic

taste ; melts in the fire, loses its water of crys-

tallization, atid falls down into a bluish white

powder.

It swells up with a bubbling noise on being

fiVst exposed to the action of the blowpipe,

but afterwards subsides and remans at rest;

the metal is reduced when placed in contact

^ith charcoal.

It readily dissolves in water, to which it im

parts a blue colour. Four parts of this fluid

dissolve one of the sulphate of copper, at 60

degrees of Fahrenheit's thermometer.

Ammonia precipitates the oxyd of copper of

a blueish white colour ; but when added in eX'^

cess, the liquor assumes a most beautiful blue

colour, by the solution of the precipitated

oxyd.

Iron precipitates the copper in a metallic

state ; this may be exemplified by merelj rub-

bing one of the crystals of blue vitriol on the

blade of a knife, when the copper instantly

lays hold of the iron, especially if the sur-
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face of the crystal has been previously mois-

tened.

Its specific weight is to that of water as 2^23

to 1.

It is composed of 0,27 copper,

0/iO acid,

0,43 water.

The different processes employed in the ex-

traction or formation of the sulphate of copper,

may be reduced to four.

1. The vitriolization of cupreous pyrttes.

2. The evaporation of cupreous waters.

3. The formation and vitriolization of arti-

ficial pyrites.

4. The solution of copper, by the sulphuric

acid.

1. The cupreous pyrites is distinguishable

from the martial pyrites by the greater brilli-

ancy of its colour. The former is besides ge-

nerally found, according to the observation of

Henckel, at a greater depth bel^'Hfe..gurface

of the earth than the latter.
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The same diemist has discovered it in the

proportion of 50 pounds of copper to the

quiiital.

This kind of pyrites is less susceptible of vi-

triolization than the other ; the existence,

however;, of cupreous springs^, and the exami-

nation of sulphureous copper mines^, leave no

doubt respecting' its spontaneous decomposi-

tion in the bowels of the earth.

In order to decompose the pyrites^, prepara-

tory to vitriolization, it is stratified with thin

beds of combustible substances, which are set

on fire. It is, however necessary, that the heat

thus produced be not too great, as the process

is much better performed, when the heat is

moderate and long continued.

At Marienburg% where a sulphureous tin

mine mixed with copper is wrought, they roast

the mineral during ten or twelve hours in a

reverberatory furnace, brought to a red heat

;

after the fire is v» ithdrawn, they continue to

turn over the mineral, until the furnace loses

its red heat, when it is taken out, and thrown

into a copper full of water, in which it is

agitated for some time. When the water is

sufficiently saturated, they next proceed to eva-
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pbratidnj in order to extract the sulphate dis-

solved in it. Mucli of this pyrites does not

yield a sufficient portion ofcopper to compen
j

Sate the expence of its extraction ; it is ne-

vertheless;, sometimes wrought in order to

procure the sulphur and vitriol, by means of

the simple processes described under the ar-

ticle sulphur.

2. The vitriolization of cupreous pyrites^, in

the interior of the earthy is sufficiently proved

by the nature of several springs, the waters of

which are so much loaded with vitriol of cop-

per, that it proves a profitable speculation to

extract it. This is done by throwing into the

water pieces of old iron, in order to precipitate

the copper, which takes the place of the iroa

in proportion as this metal displaces the copper

from its combination with the sulphuric acid.

The copper thus obtained is known in France

by the name of copper of cementation.

In the mine§ of Neussol, in Hungary, at the

depth of 116 metres, (377 feet English) are

placed at different distances, several vats in

order to collect the cupreous waters, which

flow into them through a kind of gallery

VOL. IV. I
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above ; and it is from these waters that thel

metal is separated by meaHs of the process we

have described.

In the mines of Graslitz;, in Bohemia, of

Smolnitz, at the foot of the Crapac mountains,

at Altemberg, at Rammelsberg, and other

places; similar methods are employed for pro-

curing the copper.

When the copper is precipitated by iron,

the sulphate of iron which is formed, might be

extracted by evaporation, but is in too small a

quantity to defray the expence of this process.

3. In the principal blue vitriol manufactures

established in France, the operations are car-

ried on in the following manner.

The copper, intended for vitriolrzatlon is

first dipt into water, and its surface, while still

wet, covered with a stratum of powdered sul-

phur. The copper plates thus prepared are

put into ah oven heated to redness ; after some

time they are taken out, and while yet hot,

plunged into a copper filled with water ; and

these operations are repeated several times suc-

cessively, until the whole is converted into

vitrigl. By deg^rees, the water becomes
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loaded with the sulphate^ and when complete-

ly saturated^ it is concentrated^, in order to ex-

tract the vitriol.

The following are the results of several ex-

periments which I myself have made^ in order

still further to simplify the process.

I fused one kilogramme (2 1b. 3 oz. 5 dr.

avoirdupois^ of sulphur) in a crucible heated to

ledness, into which I introduced an equal

w eight of sheet copper, taking care to keep up

the same degree of heat. In a short time a

flame began to ascend^ through which the red

hot copper could be perceived. As soon as

the flame ceased^ I removed the crucible, and

after allowing it to cool, I found the plates of

copper very brittle, of a beautiful dark red co-

lour, and of a striated glossy fracture. They

weighed 12,84948 hectogrammes ; 2 lb. 5 oz.

0155^ avoirdupois.

I pounded, and divided this sulphuret into

two parts, one of which I moistened with pure

water, and the other with diluted sulphuric

acid. The first did not efHcresce, and not-

V^'ithstanding every attention on my part, at

the end of thirteen months, not the smallest

appearance of vitriolization had taken place;

i2



1 16 CHEMISTR1'

the second efiloresced ; and by spnnklir/g: it

occasionally with acidulated watei^ I extracted

from it 2 kilogrammes, (41b. 6 oz. and 10 dr.

avoirdupois) of vitriol.

It proditces a considerable saving of sulphur^

to throw it on the heated copper ; by this

means the copper becomes also very brittle.,

its fracture is of a blucish red^ and it is easily

acted on by sulphuric acid.

4. Sulphuric acid does not act upon copper

at a low temperature, but when digested toge-

gether with an intense heat, a part of it is de-

composed ; much sulphureous acid is exhaled,

and the residuum is a white paste, readily so-

luble in water, which yields on evaporation,

beautiful crystals of vitriol. The action of the

sulphuric acid is much assisted by oxydizing

the metal, by the nitric acid, which is employ-

ed with it.

A solution of nitrate of copper, boiled with

sulphate of potash^ produces beautiful crystak

of sulphate of copper.

Rcll metal, pounded and digested with sul-

phuric acid, in a sand bath, is reduced to a

white powder, which is an oxvd of copper;

^
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the super-natant liquor is of a blue colour, and

yields sulphate o£ copper

SECTION VI 11.

On the Comhinatwns of Sulphuric Acid x^^iih

Zinc.

r Besides the sulphates of iron and copper^ the

sulphate of zinc also furnishes an ardcle of

commerce. It is likewise termed uclute vitriol,

ov'vitriol of Goslar, and is distinguished from

all other salts by the following cliaracters :

Colour of a dirty-white^ becoming yellowy

when long kept.

Fi'acture grained.

Taste styptic.

Soluble in about 2 parts of water, at 60 de-

grees of Fahrenheit. Crystallizes in tetrahe-

dral prisms, terminated by four-sided pyra-

mids.

It loses a part of its acid by heat ; before

the blow-pipe it instantly swells up with a

crackling noise, it then falls down, and Xtmn

ti'eated with charcoal the metal is reduced : it
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inflames and exhibits all the phenomena which

accompany the combustion of zinc. The pro-

portions of its constituent principles are in the

following order

:

Bergmann,
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«ent ill some mineral waters in Swedenj as we

learn from the analysis of them by the cele-

brated Bergraann ; and mineralogists have had

several times occasion to observe it in difterent

mines.

Every species of blend cannot, however, be

vitrioHzed in the same manner as those ofRam-

melsberg, which is subjected to this process in

the foimderies of Goslar. This last contains

zinc, copper, and lead, mineralized by sul-

phur.

Here the mineral is roasted, and thrown

while red hot into a vessel filled with water,

in which it is allowed to remain during

eighteen hours. This process is repeated se-

veral times, and after the solution has become

clear, it is removed into leaden caldrons and

evaporated, in order to produce the crystalli-

zation of the salt.

The crystals are melted in a copper caldron^

and the surface of the solution skimmed with a

hair sieve ; it is then poured into a wooden

vessel, and constantly stirred until it becomes

cool, and acquires a sufficient degree of con-

sistence, when it is formed into loaves for the
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purpose of sale ; and in this state has the ap-

pearance and colour of refined sugar.

I have myself extracted^ by a similar process,

a large quantity of the sulphate of zinc from

the blend of St. Sauveur, in the department of

Lozere.

'The sulphate of zinc may be easily formed

by dissolving the metal in diluted sulphuric acid.

During the progress of the solution, which is

performed with great facility, a considerable

quantity of hydrogen gas is disengaged, by the

decomposition of the water in contact with the

metal.
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CHAPTER X,

0)1 the Comhinations of the Nitric AcicL

OF all the combinations of the nitric acid,

the only one employed in the arts is the nitratt

of potash.

SECTION I.

On the Combinations of the A'ltric Acid ii:ilh

Potash.

The nitrate of potash, called likewise niti^c,

saltpetre, and salt of nitre^ is distinguished by

the following: properties.

It usually shoots in crystals^ which are six-

§ided prismsj terminated by six-sided pyra-

mids.

Its specific weight is to that of water as
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19,361) io 10,000. It is of a pungent taste,

Icavini;; a sensation of coolness in the mouth.

It is very brittle.

It is soluble in seven times its weight of wa-

ter at 60 degrees of Fahrenheitj and in an equal

weight at 212.

It is permanent in the atmosphere.

It melts on exposure to an intense heat,

giving out at first oxvgen, and v»'hen it has at-

tained a white heat, azote.

jMixed y/ith combustible substances^ and ex-

posed to the fire it fuses, and the acid is de-

composed, exhibiting all the phenomena of the

most rapid combustion.

Its constituent principles are, according to

ergmann.
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separately^ the formation;, extraction^, refine-

ment;, and uses of this salt.

Saltpetre is daily produced in different situ-

ations.

It is more particularly found near cur liabi-

tationSj and in places impregnated with the

products of animal or vegetable decompo-

sition.

It is not produced in any considerable quan-

tity in very dry situations exposed to the sun^

but neither is it found in more abundance in

dark subterranean caverns.

Shallow excavations into which the light

does not fully penetrate, are more favourable

to the production of saltpetre.

Narrow streets in which the houses are so

high as to exclude tiic sun, produce the greatest

quantity of this salt.

Very porous calcareous earths, especially

when slightly ochreous^ are most favourable to

nitrification.

According to the experiments of M. la Ro-

chefoucauit, chalk mixed with a small por-

tion of aluminC;, will produce a greater quan-

tity of saltpetre than when perfectly pure.

Either too warm or too cold a temperature
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arc equally luifavourable to the formation of

this salt.

It abounds most in places exposed to the

north, and at the bottom of walls;, near the

ground.

Most of the saltpetre foimd in plaster^

chalk, marleSj and gravelly earthy has a cal-

careous base, while that which is produced in

sheep-folds, coach-houses, and stables has a

base of potash. Such are the results of numer-

ous cxj;eriments.

It now only remains for us to shew the con-

sonance of these facts with the principles of

science, and to deduce from them consequences

proper to direct us in the manufacture of salt-

petre.

Nitrate of potash is formed by the combi-

nation of ni'ric acid with potash, and the

nitric acid itself is composed of azote and

oxygen.

The art of forming saltpetre consists then in

ascertaining tlie particular circumstances under

which this combination takes place, and the

means of producing it.

Azote and oxygen in a gaseous state can

only be combined by means of the electric
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spark ; but it appears, that it is principally

the azotic gas which resists the combination,

since the oxygen assumes a concrete form with

great facility, on a suitable base being present-

ed to it.

In order to produce the combination of these

two gases, it is then necessary to collect the

azote, during its disengagement from its com-

binations, or, in other words, before it loses its

elastic or expansive power, as in this state it

most readily unites with oxygen.

The decomposition of vegetable and animal

matters affords it in this state, since it forms one

of their constituent principles, and in propor-

tion as it is disengaged by their disorganiza-

tion, it is seized by the oxygen and hydrogen;

with the first it forms nitric acid, and w ith the

second ammonia.

When vegetable principles arc disengaged

in situations excluded from air and light, as

for example, under the floors of dwelling

houses, or hay lofts, the substance thus formed

only requires the contact of air ia order to pro-

duce saltpetre.

This mould, like that of pyritous earths, does

not effioresce but on expo?iire to the influence
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of the atmosphere ; and wc may consider that

which is formed in places where air and light

<^nnot enter, as a kind of nitrous turf. 1

have given the name oi niirijicaiion to the de-

composition of this mould;, in order to approxi-

mate it to a similar phenomenon, which is

exhibited by the -vltriolization of pyritous

turfs.

This leading' idea, respecting the production

of saltpetre by the nitrification of the mould,

ought never to be lost sight of in our endea-

vours to discover the most proper methods of

accelerating the formation of this salt.

From numerous and repeated experiments,

it seems now universally agreed that calcareous

or chalky earths are most proper for this pur-

pose, as nitrification is produced in them with

the greatest rapidity. But as these earths pre-

sent only a base for the nitric acid, it is ne-

cessary either that they be impregnated with

substances which may supply its principles, or

that they be exposed to its emanations. Thus

a mixture of animal and vegetable matters, ex-

posed at a proper temperaiare to the action of

light, form excellent nitrous earth.

It should seem, that in order to prepare ani-
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inal and vegetable matters for nitrification^ it

is proper to disunite their principles by screen-

ing them from light, and bv exposing them af-

terwards to the action of the air, by which the

combination of the azote with the oxygen is

produced, and forms an acid which unites

with the earthy and alkaline bases found in the

mixture.

It follows also, from what has been said., that

all plants are not equally adapted to the purpose

of nitrification, since they do not all contain

azote in the same proportion.

Poisonous plants, and those which emit a

strong or fetid odour, appear the most suit-

able; such as hemlock, tobacco, henbane, cab-

bage, horehound, &c. the extracts of which

when long kept, it has even been observed, be-

come covered with nitrous crystals.

The same observation holds equally true

with regard to animal substances, all of vrbicli

are equally applicable to the process of nitri-

fication.

The remains of herbivororss animals are pre-

ferred to those of carnivorous ones, as the ema-

nations from the former became more quickly

nitrified than those of the latter.
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Among the parts belonging to animal bodies^

the blood is of all the humours that which is

the most favourable to nitrification.

Urine concurs to produce much muriate.

The soft parts arc preferable to those of a

harder and more firm texture.

In all countries ^vhere a sufficiency of salt-

petre is not naturally supplied to answer the

demands of society^ this salt is formed b}^ means

of nitre beds.

In Prussia;, five measures of black vegetable

earth;, or that taken from caverns^ or other sub-

terranean places, are mixed with a measure of

lixiviated ashes and barley-straw ; after impreg-

nating these matters with the water of dung-

hills, they are formed into banks 20 feet long^

by from 6 to 7 in height. Sticks are put into

the stratum, and withdrawn mIicii it has at-

tained sufficient consistenc}'.

These walls or banks are formed in moist

situations, sheltered from the sun, and covered

with a roof of straw. They are occasionally

watered in oi.ier to tcrmiuatcthe lixiviation by

the end of the }ear.

At Malta, they employ for this purpose the

most porous calcareous earths, and mix them
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with wet straw. This thej form into oblong

triangular piles, with alternate strata of earth

and dung, and water them with a mixture of

the mother water of saltpetre^ urine, and water

of dunghills.

After allowing the surfaces of these piles to

become dry, they are broken down, turned over,

^nd watered anew, \\hen the dung is decom-

posed it is replaced b}' a mixture of water and

4ung.

The heap is kept moist by watering it occa-

sionally during the course of three years ; and

during the first year it is sprinkled over once

a month with slaked lime.

In Sweden they form saltpetre beds with

stubble^ lime, ashes^ and meadow earth. The

foundation is constructed with bricks set in

the ground ; on this base is placed a bod of

mortar made with meadow earth, ashes, lime,

and a sufficient quantity of urine or the mother

water of saltpetre. To this succeeds a bed of

stubble, and over this are alternately placed

layers of stubble and mortar.

The beds are preserved ftom the influence of

r^in by means of boards and a covering of

VOL. IV. K
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heat. They are occasionally moistened with

urine^, stagnant waters, &c.

These beds prove productive from one to

ten years.

The saltpetre is detached from these beds by

means of brooms every eight days ; they water

them as soon as they are cleared of the salt,

with the mother waters diluted with pure

water.

The .residuum, at the termination of ten

years, affords an excellent manure for the cul-

ture of hemp and flax.

In the canton of Appenzell, in Ssvitzerland,

they have availed themselves of the situation

of the stables, on the declivity of the moun-

tains, to form in them very productive nitre

beds.

These square stables are supported on one

side by the mountain itself, while the opposite

side is raised upon stones, leaving an open

space between the floor and the ground. In

this space trenches are dug, three feet in depth,

into which are thrown porous earths proper

for nitrification, and which readily becomes im-^

preguated with the urine of the cattle as it



APPLIED TO THE ARTS. 131

flows into them. This earth is lixiviated every

Ptwo or three years. The lixiviated residuum

is dried and returned into the trenches.

A stible of a moderate size commonly fields

one thousand weight of saltpetre.

The opening of these nitre beds is directed

towards the north.

ARTICLE n.

On the Lixiviation of Nitrified Earths,

Previous to employing any earth for the ex-

traction of saltpetrcj we ought to ascertain

whether it contains this salt in a sufficient

quantity to compensate the expence of prepar-

ing it.

The manufacturer is guided in hisjudgment

respecting this circumstance, by inspecting,

and tasting the earths, in which it is supposed

to be contained.

Stony substances impregnated with salt-

petre^ crack and effloresce. Neither mosses

K 2
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nor other plants are ever observed to vegetat^

on their surfaces or in their fissures.

When particles of earth containing saltpetre,

are introduced into the mouth, they impart a

saline taste, according as the base of the salt

consists of an earth or an alkali, and according

to the nature and properties of the different

saline matters intermingled with them. W hen

any earth is discovered to contain saltpetre in

a sufScient quantity to render its extraction

profitable, holes arc dug into the soil of such

a depth as to enable us to form a correct judg-

ment respecting the thickness of the stratum^

and the propriety of working it.

After carefully removing the earth, it is left

exposed to the air before proceeding to subse-

quent operations.

To lixiviate the earth, casks, or stone basins

are employed ; these basins are perforated with

a small hole, into which is introduced a funnel,

closed with a peg. In this opening, on the in-

side, is placed a wisp of straw or hay, in order

that the waters may, by filtering through it, be

rendered free of all impurities.

When the cask is thus disp(»sed, it is filled

\vith the earth to be lixiviated to within two
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br three fingers' breadth of its superior edge.

The funnel is closed, and water poured on the

materials till they float ; they are then left to

settle for four or five hours ; after which the

funnel is opened;, and the water which flows

out is r jceived into a shallow tub, placed be-

neath the cask.

This first water is not yet sufficiently im-

pregnated with saltpetre to be evaporated with

advantage. The earth itself is not, however,

exhausted of its salt, and hence the custom

of pouring the same water upon three different

parcels of earths ; one of which has been sub-

jected to two lixiviations, the other to one,

while the third has not undergone this

process.

As saltpetre is for the most part combined

with an earthy base, and as it is of importance

to reduce it to the state of nitrate of potash, as

much with the view of facilitating the crystal-

lization, as to augment the product, pure pot-

ash is employed either mixed or combined

with other bodies.

Some manufacturers mix the saltpetre earths

with ashes ; others form a layer of ashes at

the bottom of the casks, in which the lixivia-
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tion is performed ; some boil the ashes with

water of the first boiling ; while others mix the

lixivium of (he ashes with that of the earths.

Some saltpetre-makers employ brine, others

potash, while many at present use the sulphate

of potash, which is furnished in abundance by

the residua left from the combustion of the sul-

phur and saltpetre employed in the preparation

of oil of vitriol, in the same manner as by the

residuum from the decomposition of the ni-

trate of potash by the sulphuric acid.

This process merits some consideration ; the

sulphate of potash is carefully lixiviated, and

concentrated to 20 degrees. For this purpose

a deep vessel is filled with three quarts of

the lixivium concentrated to 20 degrees by the

mixture of a small portion of mother water ;

and after adding to it a fifth by measure, of the

sulphate at 20 degrees, and agitating them to-

gether the mixture becomes turbid, after which

a precipitation ensues, and the liquor grows

clear. The quantity of the sulphate ought to

be lessened or augmented according as the lix-

ivium contains more or less of earthy nitrate

This is the method followed by M. Berard.

As soon as the lixivium is sufficiently sa-

i
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Itirated, it is necessary to proceed to the pro-

cess of evaporation.

This is performed in a copper caldron, or in

lieu of it an iron one.

In proportion as the water is diminished by

evaporation, its place is supplied by fresh lix-

ivium. The evaporation is kept up during a

few days until the liquor becomes sufficiently

concentrated, as to yield crystals on cooling*.

When a portion of the liquor taken from the

general mass readily crystallizes on being set in

a cold place, it may be considered as a sufficient

test of its concentration.

The waters when duly concentrated, are run

off into crystallizing vessels of wood, earth, or

copper ; and after settling for a few days, the

mother waters must be separated from the crys-

tallized salt.

The mother waters are added to the lixivi-

um, so that in a saltpetre work there may be

always an equal quantity of each.

When the saltpetre is mixed with a great

quantity of sea salt, which is uniformly formed

with the nitrate, we avail ourselves of the pro-

perty it possesses of being precipitated by ebul-

ii<ion, in order to separate it. This salt mav
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be removed by a ladle, when the evaporation is

advanced, a d piit into an osier basket hiuia:

over the caldron to drain.

Article iii.

On tlic Purification of Saltpetre.

The nitre obtained bv a single crystallization

is termed Ihe saltpetre of the first boiling, or

crude saltpetre. It cannot be employed in

the composition of gun-powder, and other de-

licate operations, being very impure, and fre-

quently containing muriate of soda, nitrates,

and earthy muriates, a colouring principle,

&c.

The art of purification consists in separating

it from all those extraneous matters. The usual

process adopted to attain this object is to dis-

solve 979,02000 kiligrammcs (2160 lbs. lOoz.

15 Cr. avoirduDois) of coarse saltpetre in a cop-

per caldron, in 7.)3,21 600 kilogrammes (1741

ibs. 6 oz. 3 dr. copper avoirdupois) of water.

In proportion as the solution advances by
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the application of heat the saline fihii floating

on the lixivium is taken avvav. They after-

Avards add to it 3,67 128 hectogrammes of gluCj

(about 10 ounces) dissolved in ten pints of boil-

ing \\atcr, and mixed with four buckets of cold

v.ater. This addition cools the lixivium, after

which the liquor is agitated and the boiling

quickly recommences. The iilni is carefully

removed as before^, and water added at dijfferent

times^. until no more scum arises.

Thn sea salt which crystallizes;, is separated

bv means of a colander.

The liquor is then removed from the cal-

drons into large copper basins^ to which is

adapted a wooden cover to prevent the contact

of the air. It is left to cool during four or

five days. The salt thus crystallized is called

l)y manufacturers the saltpetre of the second

hoUing.

This nitre is not 3^et sufficiently pure, as it

still contains a portion of sea salt. X second

refinement is therefore necessary in order to

procure pure nitrate of potash.

After introducing" 979,02000 kilogrammes

(21C0lbs. 10 oz. 15 dr. avoirdupois) of saltpetre.
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o^ the second boiling, into a copper calc!rotl>

mid adding- the f'ourih of its weii;ht of water^

the lire is a|^ plied.

When, tlie solution of the saltpetre is accom-

plisliedj the first scum is separated from it, a

solution of 2/14742 hectogrammes, (about 7

ounces a\oirdupois) of glue is added, and the

liquor cooled by pouring- into it one or two

buckets of cold ^vater. it is then briskly agi-

tated in order to raise the scum, which is

carefully taken off. ^Yhcn the liquor becomes

clear and pure, it is emptied into copper ba-

sins, in which the saltpetre concretes into

masses, which, at the termination of five days>

arc placed on a declivity on the ground in

order to drain. Six or eight weeks are neces-

sary to accomplish the desiccation. The nitre

thus purified is termed saltpetre of the third

boiling, and is used in the manufacture of

gunpowder.

During the dreadful period of the revolu-

tion, when the French government saw itself

attacked on all sides, it was found necessary

to resort to scientific principles, in order to

procure a supply of saltpetre, and gunpowder

sufUcient to equal the consumption. To ac-
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complish this object^ the usual methods of pro-

curing saltpetre were abandoned^ and new

processes adopted iu its preparation, which we

shall here detail.

It was formerly known, that cold water

possessed the power of dissolving muriate of

soda, and of carrying: v.ith it deliquescent

salts, and the colouring matter ; we availed

ourselves of this property, to deprive saltpetre,

by repeated washings, of all the marine salt

which it contains.

This method, which was proposed by

Beaume, has been perfected by M. Carny, and

is thus conducted.

After breaking the crude saltpetre with mal-

lets, it is introduced into coppers, and 20 per

cent, ofwater added ; the mixture is then stirred.

The solution is then left until no further

augmentation takes place ; six or seven hours

are sulficient for this first operation, when the

liquor is from 25 to 35 degrees of concen-

tration.

This first water is poured oft', and an addi-

tional ten per cent, of water is added to the

same saltpetre.

The solution, after being stirred is left at
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rest duiina: ono hour. The water is theft

di av/n off.

They pour, for the last time, five per cent,

of water up, a the saltpetre, and set it to drain.

The drained saltpetre is afterwards dissolved

in a caldron containing fifty per cent, of boil-

ing Waaler. The solution indicates from 66 to

68 dcf>Tees of concentration.

This solution is afterwards put into leaden

crystallizing vessels, about fifteen inches deep,

and of considerable length. Crystals begin to

be precipitated at the end of half an hour, and

the whole process is finished in the space of

from four to six hours.

But as it is of consequence to obtain the

saltpetre in smaii needle-formed crystals, in

order to facilitate its desiccation, the liquor is

order to disturb the crystallization.

In proportion as the depositions form, we re-

move the salt to the sides of the vessel, and

then put them, by means of a ladle, into the

draining baskets.

This saltpetre is afterwards removed into

wooden vats with double bottoms ; the supe-

rior bottom is perforated with small holes, to

carry off the water of the last washing, which
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is performed with four or five per cent, of

water.

This salt dries leadiljs and ma}- be employed

ill the fabrication of gunpowcier a few hours

after. lis desiccation luay be facilitated, when

the weather is mi favourable, by means of a

stove, or copper caluron iii which it is beateJ.

, This method of purification possesses the

follow ins: advantaires over that forriierlv prac-

tised.

It requires less fuel.

It is accomplished more expeditiously.

The saltpetre is desiccated more easily.

And the loss of salt is much less.

All these advantages have been demonstrated

by a comparison of the two processes, in the

first volume of my Elements of Chemistry.

ARTICLE IV.

On the Use of Saltpetre in the Composiiion of

Gunpowder.

Gunpowder is formed by the accurate mix-

ture of saltpetre, charcoal, and sulphur ; and

the different qualities of this powder depend
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ou the proportions betweea the coTM^ituent

principles, the purity of the materials, and the

accuracy with which they are triturated and

mixed together.

The following are the results of the nume-

rous experiments which I made in the cele-

brated powder manufacture at Greoelle.

1. The proportion of saltpetre ought to be

at least about 75 per cent.

2. The proportions which produce the best

gunpowder, are 77 saltpetre, 14 charcoal^ and

9 sulphur.

The proportions most generally employed,

are

76 saltpetre

}2 charcoal

12 sulphur.

3. The proportion of sulphur may be dimi-

uished, or even omitted ; but in this last case

the powder is very porous, not sufficiently con-

sistent, and is injured by carriage.

When the proportion of sulphur is dimi-

nished, it is necessary to triturate the other

materials with greater care. I have obtained^

very good powder by employing 3 per cent

of sulphur.
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The powder for ordnance requires less sul-

phur than the finer kir.ds.

Charcoal of white wood is cRipJoycd in the

inakins; ofpowder^ such as that of the poplar,

willow^ hazels &c. It is niac'e of the young

branches of only two or three years growth.

The charcoal ought to he used injinediatelv

after being niade^ as it absorbs on exposure to

the atmosphere., 20 or 25 per cent, of air and

water, which injures its quality.

A very great diti'erence is perceivalle be-

tween the charcoal prepared in trenches and

that prepared in the open air (vpI. I. p. H. 4)

;

the first is lighter, less compact, and is pre-

ferred for the composition of gun-pov Jer.

All the powder manufiictured in France is

prepared by the trituration of the three mate-

rials, in mills furnished with an apparatus

adapted to this purpose ; and the mechanism

of which is so well known as to render a^par-

ticular description of it unnecessary. We shall

at present, therefore, confine ourselves to give

a succinct idea of the principal operations exe-

cuted in the powder manufactures.

In the composition of the powder employed

by miners, there is 13 pounds of saltpetre, 4 of

sulphur, and 3 of charcoal.
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In the fine powder used in war, 15 pounds

of sHltpetre, 2 pounds 8 ounces of sulphur^

and 2 pounds 8 ounces of charcoal.

A single pestle is appropriated to each 20

pounds of the mixture.

The materials are first stu'red with a stick,

and a small portion of water added to them, in

order to prevent the volatilization of the sul-

phur and charcoal.

The pounding usually continues twentv-one

hours ; the main velocity of the pestles is about

55 strokes in a minute; their weight is 80

pounds ; and they rise and fall to the height of

a foot.

It is removed from one mortar to another

every hour, during the three first hours ; and

afterwards e\evy three hours. At each change

care is taken to preserve the necessary humi-

dity, in order that the paste may retain its co-

herence. When the paste is sufiiciently form-

ed, the mixture perfect, and the division com-

plete, it is taken out of the mortars, and de,-

posited in the graining house.

As the paste retains a certain degree of hu-

midity, it does not admit of granulation im-

mediately on being brought from the mill ; and
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h therefore allowed to remain two or three

days in the graining^-house before this opera-

tion commences.

The granulation is performed by putting the

dried matter into a sieve, of which the holes

are in proportion to the size we wish to give

to the grains. It is then covered with a piece

of hard wood, from seven to eight inches in

diameter by two in thickness, to which a rota-

tory motion is given, by moving the sieve upon

a bar placed across a large vessel, into which

the grains fall : that which is intended to be

formed into minute grains, is usually prepared

by first bruising it in a sieve, the holes of which

are three lines in diameter.

They afterwards form the different kinds of

grains, such as the ivar-grain for cannon, the

musket grain, the Jine grain for hunters, and

the superfine grain for pistols, &c. by employ-

ing sieves, having holes of different diameters.

The powder which remains, after the sepa-

ration of the grains, is moistened and again

beaten for two or three hours.

When the granulation is finished, it is dried

in the open air by spreading it on tables co-

vered with linen cloths. It is turned ral

VOL, IV. L
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times a day, and allowed to remain in this situ-

ation until it be completely dry.

In the preparation of hunters' powder, the

paste is only exposed to the air until it loses

part of its humidity, and in this state loO

pounds of it is put into casks which revolve

round their axis, and which are crossed by

four bars parallel to the axis. The slow and

continued motion thus communicated to them,,

produces a degree of friction which destroys

the asperities of grains, and imparts to them a

beautiful lustre.

After having polished this powder, it is ex-

posed until perfectly dry.

It is then agitated in a sieve, in order to

free it from any dust which may adhere to the

surface of the grains.

This last operation is known among work-

men under the name of brushing.

The same learned men commissioned by the

government, who taught our manufacturers

the prompt and economic method of purifying

saltpetre, at (he same time turned their atten-

tion to the improvement of those processes em-

ployed in the formation of gunpowder. The

iuccess of the-ir Ir-bours was so great, that irv
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the space of few montbs 16 millions lbs. of salt-

petre was produced in France ; to such per-

fection indeed had they brought this art^ that

in the powder works at Grenelle alone, 34-

thousand pounds were fabricated daily.

It is to M. Carny in particular that France

owes the iniDroved methods of making: ffun-

powder ; I have myself introduced some useful

alterations in the dift'erent operations, but to

M. Carny must be solely attributed the merit

of the discovery.

We may reduce to three operations, every

thing- that is interesting in this new method of

preparing gunpowder.

1. Pounding and sifting the materials.

2. Producing an accurate division and inti-

mate mixture in the casks.

3. Giving to the mixture the requisite de-

gree of consistence^ and granulating the pow-

der.

The pulverization or grinding of the mate-

rials, is performed separately by means of two

bronze mill-gtones running on the two extremi-

ties of the same axis, and turning in a trough.

The same machinery turns at tlie same time

l2
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four sieves through which the pounded .su1>-

stance is passed in proportion as it is taken

fiom the trough.

it is necessary that the sulplmr should be

iinelj pulverized. The same degree of ac-

curacy is not required in respect to the char-

coal and the : altpetre ; they ou2;ht^ however,

to be carefully dried beferc being subjected to

this operation.

W hen the dift'erent materials have been suf-

ficiently pulverized, they are mixed together

in the requisite proportions, and put into

casks, or vats, 32 inches in length, by 22 in

width.

These vats are solidly constructed of thick

oak planks, and an opening made in one of

their bottoms about 6 inches square, to which

a cover is adapted in order to render it more

convenient to put in and remove the materials.

An iron axis covered \vith wood runs through

the longitudinal diameter of these vessels ; this

axis, which projects at the two extremities,

rests upon a wooden frame, and freely revolves

upon itself; to the two extremities are adapted

handles, in order to move the cask. Into each

of these vessels are put 75 pounds of the com-
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position ; and they perform fiom o5 to 45 re-

yoludons ill a minute.

Tiie mixture and trituration of the mate-

rials are greatly assisted^ by introducing into

every one of these vessels 80 pounds of bronze,

in small balls, 4 lines in diaiiieter ; and by

ledges, or mouldings, applied to the inner

sides of the cask.

The composition is known to be stifiiciently

pulverized, \vhen on a small portion of it being

spread over a wooden pallet, with the blade of

a knife, no roughness is perceptible ; when

the colour is imiibrm, and the knii'e experi-

ences no resistance on its application to the

pallet.

On the composition being taken out of the

pulverizing vessels, the next operation is to

give it the requisite degree of consistence, to

Mt it for granulation ; and this is performed

by strong compression, and the aid of a little

water.

With this view, square pieces of walnut-

iree wood are provided, lo inches in length, by

1 loot in breadth, furnished with mouldings

projecting from 5 to 6 lines. The inferior
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edges of the platters arc hollowed out^ so a?

to correspond with the inner angles of these

mouldings^ in order that they may be readily

placed within each other.

The operation is commenced by covering

the bottom of one of the tables with a piece

of moist linen ; over this is spread a stratum

of the composition;, which is carefully covered

with a similar piece of wet linen, and a se-

cond platter adapted to it, filled in the same

manner as the first.

li! this way, 23 platters are placed one above

the other ; the last of which is covered with a

square piece of wood, and a heavy press screw-

ed down upon the whole.

By this means a hard cake is formed, which

is broken by the hand, and after being dried

is subjected to the process of granulation. It

was formerly my opinion, that this operation

might be equally well performedj by means of

a muUer made to act on the composition.

Experience has, however, convinced me, that

this last process is in every respect preferable

lo the former.

This manner of forming gunpowder pos-
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sesses numerous advantages ; rapidity in the

execiitioHj economy in the consumption of the

materials^ superiority of the products^, and

safety in the operations.

In the first volume of my Elements of Che-

mistry, these truths are fully detailed and de-

pionstratecj.
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CHAPTER XI.

On the Combmntions of the Muriatic Acid.

The combinations of the muriatic acid have

been long known by the uses to which they

are daily applied ; but the most common and

useful of all these salts is that which this acid

forms with soda.

The muriate of soda is found in immense

masses in the bowels of the earth;, or dissolved

jn the waters of the sea^ or in saline springs

;

it generally accompanies the formation of salt-

pctrcj so that though the muriatic acid is pro-

duced as it were under our eyes^ yet to the

present time we remain equally ignorant as to

the mode of its formation^ and the nature of

its principles.

The muriates possess peculiar characters ;

they are not decomposable by heat, but are

volatilized by it; they contain only a small

quantity of the water of crystallization.
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SECTION I.

0)1 the Combinations of the j\IuriatiC: Add with

Soda.

The muriate of soda, which is also known

under the names of sea salt, culinary salt, ^c.

has a penetrating and not unpleasant taste, and

readily dissolves in the mouth.

It .crystallizes in cubes, and each crystal

appears to be composed of other small cubes

inclosed within others.

Gmelin observed, that the salt of the brack-

ish lakes, in the vicinity of Sellian, near the

borders of the Caspian Sea, forms cubical and

rhomboidal crystals.

Delisle informs us, that a solution of sea

gait, which had been exposed during five years

to the influence of insensible evaporation, near

Rouelle, crystallized in regular octahedron?,

like those of alum.

The muriate of soda may be obtained in

octahedral crystals, by pouring recent urine

into a solution of very pure sea salt.

JBerniard affirms, that this addition changes
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the fonrij without altering the nature of the

salt.

Tliis salt, when thrown on hot coals, de-

crepitates, and bursts into small pieces. It is

afterv/ards deprived by the same means of the

slight h'ansparency which it possesses, and be-

comes opaque.

It resists for a long time the action of heat,

even when pushed to redness ; its grains slightly

adhere to each other. Upon the application,

however, of a more intense heat, it melts, and

is volatilized.

This may be observed every day in glass-

' houses, when the salt which is mixed with the

soda, fuses at the surface of the pots, and

evaporates in a great measure during the re-

fining the glass.

This salt, when in a pure state, does not

effloresce ; it attracts, on the contrary, mois-

ture from the atmosphere, but not to such sa

degree as to become fluid.

It is soluble in tsvo and a half waters, at 60

degrees of Fahrenheit. Water at 212 degrees

dissolves scarcely a greater proportion ; hence,

when the water is saturated, it begins to pre-

cipitate immediately on the commencement of
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evaporation, and is thus readily separated from

all other salts which are dissolved with it in

the same fluid.

Its specific gravity is to that of purs water

in the proportion of 21,250 to 10,000.

According to Bergmann, its constituent

principles are in the following proportions

:

52 acid,

42 soda,

6 water.

According to Kirwan, wlien desiccated by

^ heat of 80 degrees of Fahrenheit, it containxj

38,88 acid,

53,00 soda,

8,12 water.

The consumption of the muriate of soda is

immense ; it is also particularly known in so-

ciety under the appellation of salt; an ex-

pression which though equally applicable to

111 the combinations of acids with difierent

bases, is yet restricted by common use to mu-
riate of soda.
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The muriate of soda is used as a seasoiiing'

in many of our dishes; it tends to promote

appetite and digestion, and is employed to pre-

serve various animal substances intended to be

long kept previous to their use.

INature every where presents us with this salt

in va%t profusion. Not only do the waters of

the sea furnish an inexhaustible store of this

salt; but it is also found in immense masses

under and above the earth's surface, as well as

in many salt lakes and springs.

With the view of giving an exact idea of

the manner in which this salt is procured, we

ehall consider it under the states in which it is

found.

1. In solid masses beneath the earth's sur-

face.

2. In solution in waters.

1 . In the first state it forms what are term-

ed salt mines. These mines are frequently

found in mountains of a calcareous nature, as

well as in the vicinity of a gypseous strat.i,

and it is not unusual to discover in them shells,

the impressions of fish, and other marks of
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tlieir submarine formation. The description olT

the salt mines in Siberia, Poland, Austria, and

Transylvania, by Gmelin, Pallas, Macquart,

&c. leaves no doubt on this subject.

Muriate of soda, when obtained from the

mine, is of various colours ; sometimes it is

red, but seldom blue or greeny hence it has re-

ceived the denomination of sal gemmi.

The salt mines are wrought in the same

manner as common quarries, and gun-powder

is sometimes employed to facilitate the la-

bour.

This salt is seldom found so pure as to ren-

der it lit for the common purposes to which it

is applied. When this is the case it is purified

by solution in water and crystallization.

Thus, according to Messrs. Jars and Du-

hamel, in the Tyrol, near Halle, they introduce

fresh water into the works, made in the mine

itself, in order to saturate it with the salt, after

which it is conducted by means of wooden

pipes into the evaporating vesseSs.

Nearly a similar method is practised in some

parts of England, particularly in Norfolk and

in Cheshire.

After t)i£-2:iD£r the salt from the m\ne. it i?
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transported to Liverpool, where it is dissolved

in sea-water, which, when fully saturated, is

raised by means of pumps wrought by a wind-

mill, and afterwards conveyed through pipes

to be evaporated. They use the precaution of

introducing whites of eggs previously beat up

into a frothy mass with a little salt, and which

they pour into the pipes communicating with

the caldron.

They form in these salt works two sorts of

salt, the one consisting of small grains obtained

by a hasty boiling, the other composed of the

grains produced by a slow and regular evapo-

ration.

The mines of Wielicska in Poland, are by far

the richest and most extensive of any yet known.

Chapels and dwellings are excavated out of the

solid rock of salt. The subterranean works

are of such a prodigious magnitude that they

extend upwards of three leagues. The work-

men who are confined to labour in them, sel-

dom live lofig ; they generally die of com-

plaints in the chest. They leave them every

day, and work only about four hours at one

time. The number, according to M. Berniard,

amounts from 1200 to 2C00. In 1785, when
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Macqiiart visited these mines, they did not ex-

ceed 900.

Wood long preserves its texture in these

mines, whereas bricks soon loosen and fall to

decay.

The waters which filter through the works

are conducted into a commodious reservoir,

"whence they are raised by means of large lea^

thern buckets made of bullocks' hides, and

poured into a rivulet which empties itself into

the Vistula.

They have been so fortunate as to discover

within the mine a spring of freshWater, which

filters through an argillaceous sand bank from

three to four feet in thickness. M. Eoi'r

makes mention of seventeen fresh v/ater lakes

in the vicinitv of these salt mines.

2. Exclusively of the m.ines of rock salt

wrought in differeist parts of the earth, commo!:

salt is extracted from numerous saline springs,

by the inhabitants of duTerent countries remote

from the sea.

It appears highly probable that these saline

springs derive, for the most part; their origin

from beds of salt; a*; ihcy are usually fuLind m
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mountains bordering on them, or in hollo wi^

or caverns appearing to have contained ori«;i-

nally salt in a state of solution. Similar obser-

vations have been made on the salt pits of Il~

letsky near Oreraberg^ and bj M. Hassenfratz,

on those of Mont Blanc.

Such saline springs may moreover derive

their origin from lakes of salt water. Gmelin

describes a lake of this nature, which supplies

the springs at Tobolski and Jcnissy, the waters

of which are so loaded with salt, as to deposit

a portion of it.

Saline springs abound in many parts of

France, particularly' in Lorraine, Franche-

Comte^ Savoy, &c. and as the art of evaporat-

ing the waters, for the purpose of extracting

the salt, depends on a few general principles,

to which the different operations may be refer-

red, we shall at present confiilfe ourselves to

point them out.

The various establishments of this kind

formed in Britain, for the purpose of separating

salt from sea-water, appear to me to be con-

ducted with equal economy and intelligencCo

There is a work of this kind at Shields, a
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sea-port about eight miles from Newcastle-

upoii-Tynej in which they employ an immense

number of caldrons for the evaporation of the

sea water. These caldrons are made of thiu

iron plates^ ri vetted together by nails ; they are

from twenty to twentj'-five feet long, by twelve

to fifteen in v.idtb^ and from two to three in

depth. The water is taken at the height of

the tidcj and seldom indicates more than three

degrees of concentration.

The caldrons are filled^ and their contents

evaporated till a pellicle forms on the surface of

the liquor. They are then filled a second time^

and the evaporation carried on as before. This

process is repeated four times. At the fourth

time, when the caldron is nearly full, they

pour into the liquor a quart of bullock's blood,

and carefullv skim it, before the ebullition

commences. Water is then added at five dif-

ferent times^ and at the last;, the use of the bul-

lock's blood is renewed as formerly ; after

which they continue the evaporation nearly

to dryness. The mother water is rejected as

Only containing muriates with earthy bases, or

sulphates of soda and magnesia.

An incrustation of con'siderable tliickue?':'

VOL. IV. >i
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never fails to be formed at the bottom of the

caldron ; this incrustation they remove once in

two months^ when it frequently equals nearly

three inches in thickness. It appears to us to

be principally composed of the sulphate of

soda^, deprived of the water of crystallization,

such as it is observed in some salt pits in

France.

In Scotland, in Cumberland, and other

counties in England, the evaporation of sea-

water is performed in nearly a similar manner

;

but in vessels of different dimensions. Thus,

at Whitehaven, they are only 12 feet long by

12 in width ; while at Kinnel they are 55 feet

in length by 35 in breadth. There is also some

difference in the method which they pursue of

clarifying the liquor ; in some of these places

they employ whites of eggs, while in others

they use bullocks' blood, &c.

In some countries they employ leaden cal-

drons for evaporating the water. In Hanover,

and in the salt-pits of Lunebuig, they are

formed of a sheet of lead, the edges of whicl*

are turned up ; their depth in the middle does

not exceed three or four inches
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The caldrons employed in the Bearn^ are

nearly of a similar construction.

The methods pursued in some countries to

concentrate the waters are extremely simple

;

the waters are pumped into vast reservoirs, and

kept in perpetual agitation to facilitate their

evaporation. In others they are conducted

into a large reservoir, whence they are throv»'n

in streams by means of cocks on thorns or

spines heaped up to the depth of 18 feet. These

waters are again brought back into the same

reservoir, to be thrown off anew in the same

manner, by which means there is produced a

concentration equal to 1 1 or 12 degrees, after

which the waters are transferred into the eva-

porating caldrons.

The relations of various travellers may alone

convince us of the extreme industry exercised

by man in different parts of the globe in order

to extract the salt from sea water. In Japan^

they dig holes which are filled with sand, into

which the salt water is allowed to run, and af-

terwards left to evaporate. This process is re-

peated, till the sand be covered with saline in-

crustations. These are put into large tubs per-

forated with three holes in the bottom ; into

M 2
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these they throw more sea water^ which is aP

lowed to filter through the sand, after whidi

it is evaporated.

The processes employed in the salt works at

Avranches, in Normandy, nearly resemble

those already described. They collect the sand

impregnated with the salt of sea water during

nine months of the year, and form it into

heaps ; these they cover with faggots, over

which is laid fullers' earth, to prevent the wa-

ter penetrating it ; when the sand is to be lix-

iviated, it is washed in a ditch or trench, plas-

tered with potter's earth, well incorporated,

and lined with boards so placed as to allow the

escape of tlie waters ; these are evaporated in-

broad shallow vessels.

In Brittanny alone there are upward* of

sixty small works of this kind.

In the South of France, particalarly in Lan-

guedoc and Provence, they avail themselves of

the sun's heat during summer, to evaporate

sea water. With this view fhey fix upon a

spot, into which the waters may readily flow,

and which is not subject to inundations ; they

arc likewise careful that the ground lixed upon

for this purpose be firm, clayey, and impene-
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iv'dhh 1o writer^ and that it h? fully exposed to -

die action of the wind and tlie rays of the

^nn.

When a proper spot has l>eea found it is di-

vided into compartments, containing from 5()

to 100 acres each.

These are surrounded by a wall, or stroni^

bankj in such a manner that they arc com-

pletely sheltered from the waves, and have no

communication with the sea;, either directly,

or by filtration.

The large compartments are afterwards sub-

divided into smaller ones. This separation is

effected by means of stakes driven into the

ground, and by filling up the intervals b}^

planks, fascines, and clay.

The sea water ilov.s into the compartments,

through passages which arc opetied and shut

At pleasure. For this purpose, when the wind

biovi's from the sea, and the water is propelled

towards the coast, the passages arc left open,

but are shut as soon as a sufficiency of it has

pntereJ, in order to cut off all further communi-

cation with the sea.

The evaporation is performed by the influ-

ence of the sun, and by the perpetual agitation
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ill which the water is kept by the slightest mo-

tion of the air.

As soon as depositions begin to be formed,

the water is pumped up on platforms plastered

with claj; these platforms are subdivided into

small compartments;, and raised four feet above

the former^, in which the waters are prepared

for subsequent operations.

The water is poured into each division to

the depth of from 10 to 11 lines. The eva-

poration is finished in one day ; after which

more water is again poured in^ and evaporated

as before ; and so on in like manner^ succes-

sively for twenty days.

The stratum of salt thus formed is after-

wards removed ; it is generally about three or

four inches in thickness.

It is scarcely necessary to observe^, 1 . That

the surface of the ground plot of the divisions

ought to be smooth and well levelled. 2. That

the ground should be hard^, and not admit of

any infiltration. 3. That all the subdivisions

oui^bt to communicate with each other by a

com.non trench or furrow. 4. That the table

or platform is so much the better adapted to

facilitate evaporation^, as it is elevated above
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the level of the waters. It is iisuallv in the

beginning of May that these operations are

begLuij in order that they may be terminated by

the end of summer.

It is frequently found necessary to employ

an iron ini:trument to detach the stratum of

crystallized salt from the tables, particularly

when it has been formed during the prevalence

of a north wind.

At first the salt is built up in the form of

pyramids upon the tables ; these are taken

down after twenty four hours, and collected

into heaps of different dimensions. They cover

the upper parts of these masses with straw or

jeeds. Each heap of salt is termed a ca~

melle.

As soon as the first crop is collected, if the

season be propitious^ they proceed as before to

prepare a second, which, however, never proves

so productive as the first. Hence in Langue-

doc, they generally rest satisfied with the first

quantity, and seldom attempt to procure a se-

cond.

The salt thus collected and formed into

camcllcs, is purified and separated from the de-

liquescent saltsj with which it is intermixed^
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by its being' left in the open air. These salts

run off in copious streams^ by means of fur-

rows dug for the purpose.

In proportion to the age of the salt, these

streams progressively decrease;, and at last be-

come dried up. The waters which thus run

offj contain the muriates of lime and magnesia^

and the sulphates of soda and magnesia. Some

works are established in the vicinity of Nar-

bonne for the express purpose of extract-

ing these diiferent salts, particularly the sul-

phates.

The keeping of the salt in heaps or camclles^

for some months, operates to deprive it of that

peculiar bitterness it possesses when recently

made. Thus it is rendered hard, does not so

readily deliquiate by the air, and becomes

readv for sale.

The salt is meliorated according to the time

during which it is kept in camelles. Formerly

the salt manufactured at Pecais, was never ex-

posed to sale till after a period of three years.

At present, therefore, it is not held in the same

estimation.

Since the suppression of the salt taxes, and
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that the salt trade is laid open, the proprietors of

such works dispose of their salt before it has un-

derg^one a sufficient degree of purification.

This practice excited some murmurs, but

thej have not been general ; and it appears to

me necessarj to enlighten the public mind res-

pecting the difference between recent salt, and

that v/hich has undergone depuration, and

been well drained from the brine and bittern.

The recent salt is bitter and deliquescent, the

reason of which has been already assij^ned :

whereas that which has been kept for a length

of time is of a penetrating taste, possesses soli-

dity, and does not deliquesce on exposure to a

moist atmosphere.

Hence it appears that recent salt is not well

adapted for preserving meat, and similar pur-

poses ; it imparts to them not onlj' a bad taste

and vitiates their colour, but prevents them

acquiring that firmness which is essential to

their preservation.

Recent salt is moreover subject to great

waste during its conveyance to any distance,

as it relents in a moist air, and runs per dcT

liquium.
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But it appears to me that tlie recent salt is

preferable to that which has been purified,

when the object is to give it to sheep or

cattle ; for as the viscera of these ruminant ani-

mals are bulky and sluggish, they frequently

become the seat of obstructions, the prevention

or cure of which can only be obtained by con-

fining them to the use of succulent and sapon-

aceous herbage. Now as the earthy muriates

are the most powerful solvents known, the re-

cent salt which is impregnated with them, may

be considered as a valuable prophylactic and

curative remedy in many of the diseases to

which cattle are liable ; while old salt, on the

contrary', seems best adapted for the preserva-

tion ofmeat and,the uses of the table.

The crystals of this salt may be rendered

perfectly transparent and colourless, and free

from those matters M'hich cause them to de-

liquesce, by solution in water and slow evapor-

ation.
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SECTION II,

Of the Combinations of Muriatic Acid ivith

Ammonia.

The muriate of ammonia^ which is known

in commerce imder the name of sal ammoniac,

has the following characters

:

1. It has an acrid;, and extremely pungent

taste.

2. It is of a grey colour, but convertible into

a dull white by purification.

3. It is of a firm consistence^ yielding and

ilattening under the hammer,

4. It is soluble in about three times and a

lialf its weight of water, at 60 degrees of Fah-

renheit, and an equal weight at 212 de-

grees.

During its solution in water, it produces a

considerable degree of cold,

5. It smokes and evaporates when thrown

upon live coals.

When sublimed in close vessels, it becomes



W2 (IIEMISTRY

condensed into a hard compact inass^ as if

meUed, parlicularl v if the heat applied be in-

tense.

By repeated sublimation it becomes white

;

and in this state is termed purified sal am-

moniac.

6. Lime disengages from it the ammoniac in

the state of gas, by the simple mixture of these

two substances in powder.

Some metallic oxvds^ as those of Jead, pro-

duce the same effect.

The carbonates of lime^ potash^ and soda

disengage it by distillation from the carbonate

of ammonia.

7. It cryst.illizes in tetrahedrons, but most

frequently in tetrahedral prisms, terminated by

four-sided pyramids.

Frequently there are found in the concavity

of sal ammoniac loaves, well defined cubical

crystals ; and sometimes (^ven large tetrahedral

pyramids, united at their base to longer pyra-

mids, of which the aggregate constitutes the

body of the loaves, as in spherical pyrites.

8. Its specific weight is, when compared

ysiih that of water as 14,530 to 10,000.
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0. It consists accordiiia: to Kirwan of*&

42,75 acid,

25,00 ammonia,

32/25 water.

Very little was known respecting the nature

and preparation of sal ammoniac, till towards

the beginning of the eighteenth centur)'.

Tonrnefort appears to have been the first who

affirmed that this salt was composed of muri-

atic acid and ammonia.

In 1716, Geoffrey the younger read a me-

moir to the Academ}' of Sciences, with a view

to prove that this salt was manufactured in

Egypt, and that it was procured by sublima-

tion. This memoir met with such opposition

on the part of Homberg and Lemery, that

it was never printed.

About three years after this period, M. Le-

maire, consul at Grand Cairo, transmitted s,

letter to Paris, containing ample information

respecting the mode pursued in the manufac-

turing of sal ammonia.

He informed us that it was prepared by sub-

limation from the soot which is produced by
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burning the dung of cows and other animal*

fed on marine plants^

Geoffrey published during the same year.

1720, a series of experiments;, to prove that

sal ammoniac might be manufactured in our

laboratories.

Since that period, we have derived much ad-

ditional information on this subject ; and not

only are we now acquainted with every cir-

cumstance relative to the preparation of this

salt in Egypt, but have even learned the most

economical processes of obtaining it.

We shall proceed to relate succinctly, all

that we know respecting this important sub*

ject.

Hasselquist, the pupil of the celebrated

Linnaeus, has described, in a most circum*

stantial manner, the process employed in Egypt

for preparing the sal ammoniac. It follows

from the observations made by this able natu-

ralist, which are inserted in the account of his

travels in the Levant, that the chief substance

employed in the prepviraticn of this salt is,

the soot produced by the combustion of tlie

dung of animals, whose principal sustenance i?
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derived from marine plants^ such as chenopo*

dium, salicornia, &c.

The poor occupy themselves, during four

months of the year, in collecting' the dung of

different animals; and when it is too soft mix

it with cut straw to assist its desiccation; they

place it against a wall that it may dry by the

heat of the sun. This dried durg constitutes

the only fuel used by the poorest class of the

inhabitants. They carefully collect the soot

produced bv its combustion^ and dispose of it

to those who make a trade of preparing sal

ammoniac.

The furnace in which the sublimation is per-

formed, somewhat resembles an oven ; in it are

formed five ranges of cells, of ten inches eacb.

In each cell, or hollow, is placed a glass

matrass, luted with mud from the Nile, and

fitted with a neck, one inch in length by two

in width. The matrasses are from ten to tv» elve

inches in diameter.

They are filled with soot, while care at the

same time is taken to leave a sufficierit vacuity,

in which the saline matter sublimed may

settle.

The fire is kept up, for three days succcc-
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siveljj by fresh supplies of dried dung-. Dur-

ing this process^, the heat is regulated with

much care.

As soon as the matter becomes heated^ there

appears a blue^, or violet coloured flame, which

afterwards goes out.

When the sublimation commences, care is

taken occasionally to introduce an iron wire,

to prevent any obstruction forming in the neck

of the matrass.

The distillation of 26 pounds of soot usually

yields 6 pounds of sal ammoniac.

I have myself obtained sal ammoniac from

the soot of cow-dung, and that of horses which

run wild in the immense plains of Camargue,

and Crau, and upon the borders of the nu-

merous marshes in the vicinity of the Medi-

terranean ; but it is necessary to mention, that

sal ammoniac can onlj- be procured from the

dung of these animals, M'hile they continue to

live on marine plants.

Native sal ammoniac is found in various

parts of the earth, particularly in the country

of the Kalmucks, from wiiich it is brought into

Siberia, and sold for medicinal and other pur-

poses. It is found ready sublimed, and adher-
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ing to rocks, fragments of which it not unfrc^

quently contains. It is also verv often inter-

mixed with sulphur. It is pulverulent and

spongy.

Swab, Scheffer, Ferber, and otlier natural-

ists, have discovered sal ammoniac in the

neighbourhood of volcanoes ; it may be col-

lected in the grottos of Pouzzoli.

It may be obtained by analysis, from vari-

ous earthy matters, which have been produced

by the decomposition of marine, vegetable, and

animal substances; and it may be procured

from some species of pit-coal, and from se-

condary schistn? by dislillation.

Sal ammoniac is even formed in the human

body itself, in consefjuence of a vitiation of

its fluids. It is rel ifed in the Commercium

Literarium NurembergaE!, for the year 1739,

that a person, who" laboured under an ardent

fever, fell into a profuse perspiration of an

ammoniacal nature^ which put an end to the dis-

ease. Model relates, that when suffering under

a febrile affection of a malignant kind^ a profuse

sweating supervened, which, in 4 days, removed

the malady. As his hands were covered with

a clammy sweat, he immersed them in a weak

VOL. IV. N
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.solution of potash, upon vvliich a strong am-

moniacal odour became perceptible. He fur-

ther informs us, that he often repeated this

experiment, and with a similar result, in the

naval hospitals.

Formerly \vc were wholly supplied with this

salt from Egypt, but of late it has been fur-

nished by European manufacturers in sufficient

quantity to answer the consumption, and to

supersede the necessity of foreign importation.

We shall now proceed to describe the pro-

cesses employed in the formation of this salt.

In Belgium, the Duchy of Leige, and in

some districts of Germany, sal ammoniac is

prepared by burning a mixture of pit-coal,

soot, argil, and sea salt.

With twenty-fi^e parts, in bulk, of pulve-

rized ])it-coal, live of common soot, two of

argil:, kneaded into a paste, with a sufficient

quantity of water, saturated with sea salt, oval

bricks or loaves are formed 6 inches in length,

about 3 inches broad, and 2 lines in thickness.

Fifteen to eighteen of these bricks, with

bones interspersed between them, are burnt in

a very small furnace, communicating by a

little opening of two inches in diameter, placed
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at the top of the door of the furnace, with an

oblong vaulted chamber^ about twelve feet ia

length hy three in width. The soot, which

passes through this chamber, escapes by an-

other aperture formed at the opposite ex-

tremity, over against the first.

Several furnaces are disposed in the same

line ; and consequently, an equal number of

chambers ought to be constructed parallel to

each.

All these chambers meet by the small open-

ing formed over against the fire-place, in the

opposite side, in a common gallery into which

the exhalations pass, which have not been con-

densed in the first. At last, those vapours,

which are purely gaseous, escape into the air

by a chimney.

The combustion is supported, in these fur-

naces, during four, five, or six months. Tlie

soot, which adheres to the surface of the vault,

and the sides of the chambers, is extreme!

v

light and saline, while that in the under part

is greasy and poor.

The first depositions require only a single

purification ; but those on the floor of the

N 2
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cl. ambers, which contain a considerable por-

tion of oil, require several.

llie subliaiation is performed in earthern

retoitSj about 18 iaches in height^ by 15 in

diameter at the .widest part. Into e^eh retort,

w'iien heated, are introduced 7 kilogrammes,

(equal to 15 lb. 7 oz. 3 dr. avoirdupois) of the

maierijils.

They are placed in the cells, or hollows of a

vaulted furnace, so that they may rest upon

tiieir belly.

The operation is finished in forty- eight

horns

Each retort yields 3 kilogrammes, (equal to

Gib. 9 oz. 15 dr. avoirdupois) of sal ammoniac.

The depositions formed on the floor of the

chaiiibers ought to be again burned, or melted

in the retort, and afterwards sublimed.

Each furnace furnishes SOO lb. of salt per

annum.

This process, it appears to me, might be

greatly improved.

For example, the auiuial substances should

be mixed with the materials that enter into

the composition.of the bricks ; and these ma-

terials should be kneaded with urine^ or blood.
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<&€. It morcoYPr appears to me, that the ope-

ration should be performed oii a great scale,

and that the substances mixed fehaidd bo placed

in a furnnce of an orbcular forvv], that they

should be kindled at the bottom, in order that

• the products disengac:ed may escape upwards^

and be condensed in the chambers, at the mo-

ment when the heat having gradually per-

vaded the whole niass^, elevates them into va~

pours.

Baume had formed a manufacture of sal

jiramoniiCj in which he prociired ammonia by

the distillation of animal sitbstaaces. lie de-

composed afterwards, by t!)is carbonate of

ammonia, the muriates of magnesia contained

in the mother waters of sea salt, and evapo-

rated the water by which the muriate of am-

monia was held in solution, after pouring it

above the matter deposited ; he sublimed the

residuum of the eveporation, in-order to se-

parate the sal ammoniac froiii the other fixed

salts that were dissolved in the liqut^r.

At Siint Denis, near Paris, Messrs. Leblanc

and Dize produced sal ammoniac by com-

bining, in a leacien chamber^ the vapours of

a-mmunia and muriatic acid. Tiic alkuii wus
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suuplicd hy tlic distillation of animal sub-

stances; and the acid by the decomposition of

the muriate of soda bj th&^ulphuiic acid.

These two last processes are no longer fol-

lowed ; a more certain and economical method

has since been adopted, and this we owe to

Messrs. Pluvinet and Bourlier, who estab-

lished the two first works of this kind in

France.

They distil bones and woolen rags in large

iron cylinders ; the product is condensed in a

succession of iron vessels^, kept cool by the

water in which they are immersed, and which

open into a reservoir intended to receive the

product of the distillation. This product is

composed of animal oil, and the liquid car-

bonate of ammonia.

The supernatant oil is carefully separated.

The carbonate of ammonia is afterwards fil-

tered through a stratum of calcined and pound-

ed sulphate of lime. This stratum is placed

on a linen cloth well stretched. Thus a de-

composition is produced, from which results

the sulphate of ammoniq, which passes through

the filter, and the carbonate of lime wliich re-

pains upon it. The filtration is renewed three
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times, that the decomposition may be com-

plete.

The sulphate of ammonia^ treated with the

muriate of soda bv ebullition in a cauldron,

yields muriate of ammonia, and sulphate of

soda.

The sulphate of soda is separated by evapo-

ration.

The residuum forms sal ammoniac by subli-

mation.

I am of opinion, that by throwing muriatic

acid into privies, which exhale very strong am-

moniacal vapours, we might produce sal am-

moniac at very little ex pence. Some experi-

ments which I have made on this subject, ap-

pear to me to warrant this opinion.

When we place shallow capsules, containing

muriatic acid, in such places, a cloud of white

vapours is produced, and in a very short time

the acid becomes fixed, without however being

neutralized.

I also endeavoured to transmit the vapours

arising from the distillation of animal sub-

stances through the muriatic acid, and soon

succeeded in saturating it. I have always
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viewed this process as one of the most simple,

and most economical.

Among animal substances, horns, bones, the

chrysalides of silk worms are, in my opinion,

the best adapted for this operation.

Sal anAioniac is known in commerce under

the name of the grey salt and the -jcliite salt.

This last, however, dilters only from the

former in being more pure.

Each has its proper uses ; the white is pre-^

ferred for dyeing, while the grey is more em-
ployed for preparing iron and copper utensils

for the operation of tinning. This preference

was long considered as ofving to the influence

of caprice and custom ; but an attentive exa-

mination has convinced me, that it is well

founded.

When sal raiimoniac is used in dying, it

heightens the colour, and facilitates the solu-

tion of the tin, in forming the composition for

the scarlet dye; and in all these cases it ought

to be pure. Hence, therefore, the refined salt

is justly preferred in such operations. Bnt

when sal ammoniac is employed in tinning, it

is not merely necessary, that it should dissolve

the oxidized metal, in order to clean its sur-
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face, but it should also prevent all further oxy-

dation; and the oil which exists in the ^rey

salt, tends in an especial manner to prodiics

this effect. Hence it is evident, that the choice

of these salts must be determined by the us^

to which tliey are intended to be apj lied.

Besides the various uses w hich sal amoiGniac

serves in dyeing, and in tinning iron and cop-

per vessels, it is' also mixed at the present day

ill certain manufactures of tobacco, to givei.h3.t

article or the snuff made from it additional sti-

mulant properties.

In pharmacy a great quantity of it is em-

ployed for the extraction of ammonia, or tiie

volatile alkali.

SECTION III.

Of the Combinations of the MuriaUc Acid with

Till.

The muriate of tin, better known under the

name of salt of tin, has Oidy been classed

among the salts used in the arts, since it was

employed as a mordant in the dyeing of cloth,

and for brio'htccinir the colours of madder in

dyeins; cotton.
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In order to prepare this salt^ the tin is first

divided, and after being digested >\ith four

parts of the acid in a sand bath ; the salt is af-

terwards obtained by evaporation.

But as the solution takes place slowly, and

a portion of the acid is dissipated, I pass the

acid vapours through a little water into a vase

containing the tin which is to be dissolved and

the solution is effected bj the heat produced by

the. action of the acid upon the water.

The solution of the muriate of tin absorbs

oxygen from the atmosphere, and even attracts

it with avidity, from the greatest number of

bodies with which it is combined. It may in

some cases be even brought, according to the

observations of Pelletier, into the state of an

oxygenized muriate.

The solution of the muriate of tin, on long

exposure to the air, changes to a brownish co-

lour. During the evaporation of the solution

of the salt of tin, such a penetrating odour is

disengaged, as to prevent the chemist from re-

maining close to the evaporating vessels.

This salt is one of the heaviest with which

we are acquainted.

It contains 19 of metal, 11 of acid, and 10

of water.
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SECTION IV.

On Vac Comhinations of the JMuriatic Add "Kith

JMercniy. '

•

The combinations of the muriatic acid with

mercury, form two substances possessing very

different qualities; the one is termed siveet mer-

curij, the other is known under the name of

corrosive sublimate. They appear to differ

only in the degree of oxydation of the mercury,

of which the oxyd in the corrosive sublimate

contains 12,3 of oxygen to 69,7 of metal,

while in that of szccct mercury it only contains

9,5 of oxygen to 79 of metal.

We shall describe these two combinations se-

parately :

ARTICLE I.

Of Corrosive Sublimate.

The taste of this muriate, also known under

the appellation of muriate of quiclisilver, cor-
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rosire muriated qiiicksilver, &c. is aciid;, styp-

ticj and durable.

It is semi-transparentj and of a white co-

lour. *

It is sublimed on exposure to the fire.

It is soluble in 20 parts of cold water, and

in 2 at 212 according to Macqncr.

This salt crystallizes by evaporation and

by sublimation ; in the first case it is suSficient

to concentrate the solution^ when it shoots

into long flat acicidar crystals. In the second

case, when the sublimation is p^Toraied by a

gentle heat we likewise obtain prismatic crys-

tals in thin plates, of a brilliant while, fragile^

and light.

This salt does not attract humidity from the

atmosphere.

Lime water precipitates it in flakes of an

orange-yellow colour, which gradually changes

to a red brick.

Ammonia forms with it a white precipitate

which quickly as^^umes a slate colour. Ac-

cording to Fourcroy, this is a triple salt formed

by the oxyd of mercury, ammonia, and the

acid in a state of the most intimate conibi"

natiou.
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From Mr. Chcvenix we learn that its con-

stituent principles are in the foiiowing pro-

portions :

Mercury 69^7

Oxygen 12,3

Acid 18

or in other terms :

82 oxide of mercury,

18 muriatic acid.

The corrosive sublimate has been hitherto

chiefly prepared in Holland and England.

The processes successively employed with

this view have attained different degrees of per-

fection. That^ however, which appears pre-

ferable consists in mixing together by lonir con-

tinued trituration 2b0 lbs. of mercury, 4C0 lbs

of sulphate of iron, calcined to redness, 200 lbs.

of nitrate of potash, 2(j0 lbs. of decrepitated

muriate of soda, and 50 lbs. of the residuum of

former operations, or when this cannot b(3 pro-

cured, a like quantity of the residuum of aquji

fortis prepared by vitriol. This mixtnre is di-

vided into equal portions, each of whicli is put

into a glass vessel of such dimensions that it is
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only half filled bv it ; upon these vessels, which

somewhat resemble cucurbitS;, are adapted

heads, to which receivers are fitted. They

are then sunk info a sandbath, to a level

with the materials, and heat gradually com-

municated to them and kept up without inter-

ruption during live days. On the sublimation

being finished, the receivers are raised up in

order to take out the nitric acid they contain,

and the vessels removed from the sandbath and

set aside to cool. The product of each opera-

tion is about 360 lbs. of sublimate.

This process which was long practised at

Venice, and afterwards at Amsterdam, has been

so much simplified that they now only employ

a mixture of equal parts of dry nitrate of mer-

curj', decrepitated muriate of soda, and sul-

phate of iron calcined to whiteness.

In some places quicksilver is substituted in-

stead of nitrate of mercury, while in others

they supply, with greater propriety, the nitrate

by the red o.xyd of mercury.

Another method, published by Boulduc in

1730, has been long pretty generally followed ;

it consists in first forming a sulphate of mer-

cury, by digesting in a cucurbit, three parts of
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sulphuiic acid^ and one of mercury, in a sand-

bath, exposed to a very strong heat; the white

residuum which remains after the operation is

then carefully mixed with equal parts of dry

muriate of soda, after which the sublimation is

commenced.

This method of Boulduc's has been greatly

improved in Holland, where it is executed in

the following' manner.

They put into large stone cucurbits 50 lbs,

of mercury and 25 of sulphuric acid, which is

placed in a sand bath in the planner already

mentioned, and the residuum is carefully mixed

with 50 lbs. of muriate of. soda, well dried

and pounded.

The mixture becomes clammy, when it is

distributed into pots arranged upon bars of

iron in a furnace ; each pot is covered with' a

lid, convex on the outside, and concave within,

about the depth of from two to three inches,

and perforated with a hole towards its middle,

the joinings are then carefully luted, and the

fire uniformly kept up till no more humid va-

pours issue through the hole in ilic lid ; the

fire is then augmented, and as soon as needles

begin to form about the openings in the lids.
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fliey are closed and covered with cold sand,

and the bottoms of tlie vessels are kept of an

obscure red heal^ during thirty or thirty-six

Laurs.

\^ hen the vessels are unluted a loaf of mu-

riate of mercurv is found on each lid.

If the mercury be precipitated from its so-

lution in nitric acid by the oxygenated muri-

atic acid^ corrosive sublimate is obtained.

It may also be formed by dissolving the red

oxyd of mercury in common muriatic acid.

The qualities of the corrosive sublimate may

be varied by dissolving the mercury at differ-

ent degrees of oxydation, or by employing the

sulphate of iron more or less calcined ; or ac-

cording to Scapoli by varying the proportions

between the nitrate, the sulpliatC;, the muriate,

and the mercurv.

ARTICLE ri.

Of Smeet Mercury.

This salt, also known by the name oi calomel,

siibmuriatc of quicksiher, &c. though formed
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hy tiio same metal, and the same acid as cor-

rosive sublimate, let possesses verj different

properties, and is distiugiiished by verv diiler-

eiit characters.

It is perfectly insipid.

Ji is insoluble in water and alcohol.

It crystallizes in tetrahedral prisms, termi-

nated by four-faced pyramids, wheii subiiinctjl

b>' a g;entle heat.

It fuses imperfectly by a strong hcvd which

renders it semi-transparent.

The proportions of its constituent piiiiciples

arc according- to Chene\ix :

11,5 acid,

79,0 mercury,

9,5 oxygen,

or in other terms,

88,5 o?:yd of mercury,

11,5 pure acid.

This salt is prepared in every laboratory;

hut is only manufactured on a great scale in

Hoi hind and England.

Tlie usual method of preparisig it is to tri-

turate mercury with the corrosive sublimate,

VOL. ly. o
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and ihc proportions which appear to answer

best;, are four parts of corrosive siibliiiiiitCj and

three parts of mercury.

Sometimes equal parts are emplojed.

These two substances are carefully triturated

until the mercury has wholly disappeared, and

they form an uniform grey powdi r^, v. liich for

still grqater security may be levigated on a

porphyry.

The subliming vessels arc then half filicd

with this powder, and placed in a sand bath.

The fire is then gradually and progressively

augmented, until a slight white vapour is ob-

served to issue from the vessels ; after which

it is kept at the same degree from five to six

hours.

Tile vessels, when cold, arc found to contain

in the upper part a very heavy, compart, sa-

line mass, which is easily detached on break-

ing the vessels.

The convex portion of each loaf towards the

summit, possesses neither the characters nor

properties of sweet mercury : this portion it is

necessary to separate from the otiier, in order

that it may be triturated anew with mercury,

and subjected to a second operation.
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The sublimpd mLiriate is pulverizeJ and sub-

je/jtsd to a second sublimation;, the product of

whioh is pi)unded and subiiined a third time;

inrd it is this last product which is termed

sii)cet niercurij.

The preparation of the mercurial panacea

differs from that of sweet mercurj-^, by the lat-

ter being eight times subjected to subiinYalion,

By the trituration of mercury with corro-

sive sublimate a deleterious vapour is evolved,

against which the operator ought to gunrd

himself; to prevent this, Beaume proposes to

pour a little water on the mixture. Bailieau

recoimneuds to knead the sublimate with wa-

tcrj previous to its levigation with the mer-

cury.

As the s-jccet vicrcnrji freauentlv retains

some portion of corrosive sublimate^ boiling

w ater is poured on it, in order to purify it from

tills mixture.

It appears from the experiments of Beaume,

that repeated sublimations produce a small por-

tion of corrosive sublimate, which seems to

proceed from the progressive oxydatiorii of tlie

mercury by heat. Hence it follows, that the

o2
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panacea is a more doubtful remedy than calo-

mel s~d:eet mercury.

Beaume has moreover proved, that there is

no intermediate state betvi^een calomel and cor-

rosive sublimate. If we add less mercury than

the quantity of corrosive sublimate requires,

there would only be produced a portion of ca

lorael proportioned to the quantity of mercury

employed; the remainder would still preserve

all the characters of corrosive sublimate. If,

on the contrary, we should add more mercury

than the corrosive sublimate requires, in that

case the superabundant mercury would be

evaporated in a metallic state.

It is evident, that in the transition of the

corrosive sublimate to the state of calomel, the

oxygen of the fo.rmer passes into the new me-

tal in the proportion already pointed out.

If we digest, for a considerable time, the

muriatic acid upon mercurj-, a solution of it

takes place, and calomel is produced, as Hom-
berg had observed at the beginning of the 18th

century.

Calomel may also be formed by decomposing

the nitrate of mercury by a solution of muriato
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of soda. For this purpose, the muriate must

be added in excess, that the decomposition

may be complete. The muriate of the preci-

pitated mercury must then be sublimed, in or-

der to impart to it the appearance and charac-

ters of that sold in the shops.
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CHAPTER XII.

Of the Comhinations of the Oxygenated Aliirl-

alic Acid.

This acid fonus particular combinations

with several of its known bases.

Its combinations with the alkalis and eartliS;,

are decomposed bj the contact of bodies in a

state of conflagration;, or by heat. lathe first

case a bright and speedy inflammation takes

place ; while in the second^ there is a produc-

tion of oxygen gas : in both cases, the salt

passes into the state of a simple muriate.

V\ hen the oxygenated muriatic acid is pre-

sented to a metallic oxyd, it forms with it

compounds which are almost all violent poi-

sons, and very powerful escharotics, which in

general attract humidity, rise in white vapours

when exposed to the air, and have commonly

a butyraceous consistency.

As at present the oxygenated muriate of
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j)i)t;isli is alone applied to the purposes of the

arts, \\c shall at present ccnhne ouiselves to its

consideration.

SECTION I.

Of ihe Combinations of the Oxijgenatcd JMuri-

alic Acid zi: itJi Potash.

\i\ order to form the oxygenated muriate of

potash^ the oxygenated muriatic acid, Avhicli

Hies off in vapour, is made to pass through a

strong solution of potash. In this operation

there is formed a portion of the oxygenated

muriate of potasli;, and of the ordinary mu-

riate.

]\i. Berthollet has proved, hy a series of well-

contrived experiments, that the oxygenated

muriatic acid which exists in the oxygenated

muriate of potash, contained more oxygen

than an equal .weight of the oxygenated muri-

atic acid dissolved in water. This led lii n to

consider the o.wg-enated acid combined in the

muriate as hyper- oxygenized ; and hence he

inferred, that the ordinary m.uriatic acid may

be regarded as a ba e susceptible of uniting
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with more or less oxygen, and of forming in

s'jcecssioji the oxygenated and hvpei-oxyge-

imted muriatic acid.

What Jiu'nishes a nevy proof of the truth of

M. Berthollet's opinion, is, that when a solu-

tion of potash saturated with ox'ygeiiated acid

is concentrated, we obtain a portion of ordi-

nary muriate, and of hypcr-oxygenated mu-

riate.

As it is proper to purify ttie oxygenated salt

from the simple muriate of potash, this object

is attained by the facility with which the hy-

per-oxygenated muriate is precipitated by eva-

poration.

The solution of potash saturated with the

acid is then filtered, and placed, for the pur-

pose of evaporation, in a dark place, exposed

to a gentle heat. In a short time, there is

formed a deposit of brilliant and shining la-

mina^ like those of mica. This evaporation is

kept up till the precipitate decrepitates, when

thiow ii upon live coals, at the same time that

almost the N\h()le of it runs quitkly into a slate

of fusion. The evaporation is then stoppcid,

and it is left to cool ; a portion of oxygenated
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muriate is then precipitated^ and the liquor

is poured off to separate the deposit matter.

The oxygenated muriate crystallizes in hex-

ahedral, and more frequently in rhomboidal

plates.

It has an insipid taste, and produces, in the

mouth a sensation of coohicss^ equal to that

Avhich is produced by nitre.

It fuses, Avhen thrown on burning coals,

with more facility and intensity than nitrate of

potash.

One hundred grains of this salt yield 75

cubic inches of very pure oxygen gas.

It is easily decomposed when exposed to the

air, and passes into the state of ordinary mu-

riate.

A solution of this salt may be emplo3'ed to

bleach flax, hemp, and cotton threads ; but

the quantity of oxygenated muriatic acid

which enters into the salt employed, will pro*

duce more effect .when used alone, ahd free

from combination.

M. Berthollet has substituted this in plac#

of the nitrate of potash, in the fabrication of

gunpov.der ; and has obtained a product in-

finitely more terrible in its effects, than the
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'best gunpowder that has been hitherto fabri-

cated \vi(h the nitrate.

Tha g;Linpo\vderj on which the chief expcri-

meiits have been made, was coiiiposed of six

parts of oxygenated muriate^ one part of sul-

phitr, and one of charcoal.

A mixture of these substances is moistened

in such a way as to form a paste, which is

carefully brayed upon marble w itli a mullar of

hard v/ood. This precaution is necessary to

guard against the accidents which miglit hap-

pen from the explosion of a substance so dan-

gerous. It would be imprudent to produce

this niixture by the employment of common

mortars ; and the unfortunate experiment at

Esioiines had consequences too destructive,

that we should again attempt to renew it.

The comparative trials, made in the Arsenal

at Paris, April 21, 179S, between muriated

gunpowder, and superfine gunpowder of ni-

trate, gave the following results.

1. By the powder-proof of Darcy, consist-

ing of a cannon which, suspended at the. ex-

tremity of a bar of iron, described by its recoil

an arch, of which the degrees were measured :
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Recoil.

"2 drams of miiriafed gunpowder lj~-ro

2 of the same wetted 14 2V

2 of nitrated gunpowder i -io

2 of the same - 10 2V

.3 of muriated gunpowder 20 2V

;j of nitrated gunpowder 15 /o.

Whence it follows, that in this irial, the

muriated gunpowder shew^ed a superiority of

force to the amount of nearly one-fourth.

2. By the pov/der-proof of Regnier, con-

sisting of a spring which closes the mouth of

the cannon^ and which is driven back by the

explosion^, to a distance more or less great,

measured by the degrees of an arch which it

ruiis through :

Muriated gunpowder - 42

The same - - 51^

Muriated gunpowed moistened 53

Superfine nitrated gunpowder 23

The same - . - 22^

From this trial it resuUs;, that the force of
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gunpowder of muriate is double that of* nitrate.

But as this gunpowder explodes with such fa-

cility, that the jolts of carriage, nay, even the

Jeast shock may produce disagreeable accidents,

it is prudent to reserve the use of it for deli-

cate and extraordinary operations.
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CHAPTER XIII.

-Of the ComUnatiom of the Tartureoiis Acid:

SECTION I.

Of the Comhinations of the Tartareous Acicf.

with Potash.

This salt, otherwise termed acidulous tar-

trite of potashj cream of tartar, &c. is ready

formed in wine, and adheres to the sides of the

casks containing; that liquor.

It is well known, that on the termination

of the various fermentation, and when the

wine settles in the casks, a ropy matter is pre-

cipitated, forming a muddy deposition at the

bottom of the liquor, while a more saline sub-

stance adheres to the sides of the vessels, co-

vering them with a crust of greater or less

thickness, which is readily taken off with a

sharp instrument, at the time the cask is to be
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prepared for receiving the product of a new

vir.iPiire. ,This matter is given to those who

clear the casks, and serves instead of v.Rgcs, at

least in the south of Fiance ; they collect it

Avith care, and sell it to dvcrs, founders, and

particularly to the manufacturers of cream- of

tartav.

The price of this substance varies according

to the nature of tlie ^vincs : there arc districts,

such as those on the banks of the Rhone, tlic

wines of v*hicli yield a heavy granulated tar-

tar, aud containing only a small portion of the

extractive principle, and consequently in great

request for the manufacture i)f cream of tar-

tar ; vviiilc there are others, which furnish a

tartar neither thick*nor hard, rich in the ex-

tractive principle, difficult to purify, and of

little use in those operations in \Ahich the salt

only produces its eifect, in proportion to th^

saline principle which it contains.

All wines do not furnish tartar of ihe same

quality ; they do not all yield even the same

quantity : strong and generous wines contain

more than others ; w ines that are weak and

light yield almost none at all.

The reddish colour of tartar is alwavs in



APPLIED TO THE ART?. 20?

proportion to tlie sfr^nTtli of Ibat colour in

(be wine ^\luch fiirtiishc-; it. Jt is tbos'^ s'ickIcs

of coioiir which Ikivc ,i:'iven it ir.
'

.

• of

'cvJiiic, or red tcj'lar, according' as it is obtained

from white wine or red

I have often bad occasion to observe that

t!]c tartar shoots into crystals^ siiSicientl v mark-

ed to admit, of description ; they are usnaiiy in

the form of short t:'irahcdral prisms^, cut slant-

inir'yatthe two extremities.

The crude tartar v,'hen taken from the cashs

is' very little employed in tlie arts ; in tiiis'sttte

it only serves as a flux in some metalhirgic

operations. In order t;) fd it for the purposes

of commerce it is de-:rivcd of ;»'s roh'j'.iriiis;

principle, and also of a porfioo of ils extractive

principle; when we give to it the name of

cream of tartar.

From time immemorial, they have been in

possession, at Montpelier and its neighbour-

hood, of the mode of purifying tartar; Ibe

process has been des r-bed by Fizes, arid in-

serted in the Memoircs of t])e Academy of

Paris, for the year 1725. It is so simple, and

the result is so profitable, that almost no change
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in the operation lias taken place since tii;-J-

period.

With the best granulated tartar, properly

divided, they saturate the water contained in a

copper carried to the boilipg point. The so-

lution is then allowed to cool and carefully

poured off from the deposition which has taken

placC;, into wide pans. To the sides of these

pans, a pretty thick layer of crystals of tartar

adheres, which are disengaged from a con-

siderable portion of their colouring prin-

ciple.

They dissolve these crystals in boiling water,

in which they mix from 4 to (> parts of clayey'

earth to 100 parts of salt. Evaporation goes

on till a strong pellicle is formed on the sur-

face ; it is then left to cool, when tiiey obtain

crystals, which are exposed for some days to

the heat of the sun upon linen cloths, in order

to dry, and to acquire the utmost degree of

^whiteness.

The cream of tartar prepared by this pro-

cess is always very white, and in beautiful

crystals. But as it is of importance to derive

§,11 the advantage possible from the nwiJicr zva-
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iers, whicli retain a part of the colouring prin-

ciple^ it is usual to pour off with care the so-

lution which swims above the crystals^ and to

return it into the coppers where these last

were dissolved. Thej employ only, however,

that which is limpid, and pour the muddy

liquor into appropriate vessels, for the purpose

of depuration. By decantation and filtration

they succeed in depriving it almost wholly of

its colouring and extractive principle. To
convert to profit all these residuuras, they may

be emplo} cd in small quantities in each opera-

tion ; or they may be treated separately and

with care, in order to extract every particle of

cream of tartar.

This process is founded on three incontesti-

ble principles ; the first is, that the tartar is

more easily soluble in boiling than in cold v,a-

ter ; the second, that clays liave the property

of seizing upon the colouring, extractive, and

ligneous principles, and of purifying vegetable

and saline solutionis ; the third, that exposure to

the air destroys the colouring principle of ve-

getables, and ought, therefore, to produce the

utmost degree of whiteness ia the cream of

larrar.

VOL. ly p
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The earth which is useii'^ is brought ffont

Murvielj three miles from Montpelicr. It is

a sandy claj, sufficiently white^ arising from

the decomposition of hard stone^ and of the

colour of silex; this earth is friable, hut it is

less easily diluted in water than the pure clays^

and is more readily precipitated.

I have substituted, with much advantage,

the fine argil of Cornillon, in the department

©fGard, instead of that of Murviel. Besides

being whiter, it is more divisible in water ; it

unites itself when dissolved, more completely

with the matters suspended in its solution ; in

short, repeated experiments have convinced me,

that it might successfully supplant the earth

of Murviel ; though the difference of price, oc-

casioned by distance, has hitherto prevented

its employment. It may be observed, how-

ever, that as the clay of Cornillon is found' al*

most in the centre of those districts which fur-

nish the best tartar, it would be advantageous

to establish in the vicinitj- refining manufac-

tories.

We ought not to employ a mavley earth, nor

the fuller's earth used in our soutlicrn provinces

for fulling cloth, as they all contaiu a portion
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ofclialk, Nvhich, saturating the acidof the cream

of tartar and imparting to it a foreign prin-

ciple, necessarily injures its quality. And even

though the chalk should only remain inter-

posed between its crystals^ this simple mixture

would render it improper for dyeings since lime

is destructive of almost all colours.

M. Desmaratz has described, in the Journal

de Physique for 1771, the process employed at

Venice for purifying tartar. They dry the

tartar in its crude state, and the lees of wine, in

iron pots, by a moderate heat ; they then pul-

verise the residuum, and distribute it in tubs

filled with warm water, where the solution is

promoted by agitation. By cooling alone, the

impurities arc precipitated to the bottom, and

the crystals of tartar adhere to the sides of the

vessels. These are again dissolved in water,

and made to boil in a large copper, where they

are clarified with the whites of eggs. A few

recent ashes are at the same time thrown into

the copper, which produce a considerable ef-

fervescence, and bring to the top much scum,

which is immediately taken off. This opera-

ration, repeated four or five times, leaves at

v2
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last a colourless liquor, which deposits verj

white crystals by continued evaporation.

According to the process followed at Venice

there is introduced into the solution of the tar-

tar, a foreign substance which must saturate a

part of the a,cid, a circumstance which in most

cases, must modify the properties which belong

to cream of tartar in a pure state; It is there-

fore obvious that the process employed at

Montpelier is preferable.

The cream of tartar assumes very generally

the form of four-sided prisms, of which the ex-

tremities are cut in a slanting direction. The

crystals are almost always in groups ; and

they frequently diverge as from a common

centre.

Cream of tartar, in order to be pure should

be white.

It has an acrid harsh taste.

It dissolves slowly in the mouth, and feels

gritty under the teeth.

It fumes upon coals, diffuses an empyreu-

matic odour, and leaves a carbonaceous resi-

duum, which becomes white by. inciner-

ation



APPLIED TO THE ARTS. 2iS

An ounce of water at the temperature of

10+0 (Reaumur) dissolves only 4 grains oftar-

tar; while according to Wenzel, 30 parts of

boiling water dissolve one of cream of tartar.

According to Spieimanj one ounce of cold

water onlj holds in solution 3 grains.

As cream of tartar produces no eiFect on the

human body, but when taken in such a dose

that the quantity of water necessary to dissolve

it would form too copious a draughty, the means

of rendering it more soluble have been long a

desideratum^ and the following have been era-

ployed with this view. Lemery had observed

that 2 ounces of borax mixed with 4 ounces

ofcream of tartar in powder, and boiled during

a quarter of an hour in 12 ounces of watiy,

dissolved quickly, and did not crystallize on

cooling. (See the Memoirs of the Academy

of Paris for 1728.)

At present this method has been proposed as

a discovery, and has been pompously announc

ed to the public.

It is a fact that the solution of the mixture

is effected by adding to it a fifth part of borax.

J5ut is not the cream of tartar thereby
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cliansred ? Is its medicinal effect the same ?

While ill expectation that the observations of

intelligent physicians should enlighten us on

this subject;, chemistry has resolved the ques-

tion. As the tartareous acid has a greater af-

finity for the alkalies than the boracic acid^ not

only must the acid of the cream of tartar sa-

turate the soda, which is superabundant in the

borax, but deprive it of its base. Hence,

therefore^ a triple salt will be formed, or a tar-

trite of soda and potash, which is extremely

soluble in water ; and the boracic acid being

disengaged from a portion of its alkaline base,

must remain mixed in the liquor. Thus then

we obtain a solution of tartrite of soda and

potash, Rochelle salt, acidulated with the bo-

racic acid.

M. Lassone proposes, in the Memoirs of the

Academy of Sciences, to dissolve four grains of

cream of tartar in four ounces of water, and to

add one grain of boracic acid. This addition

possesses the double advantage of preventing

the precipitation without decomposing the

cream of tartar.

Sugar has also been proposed in order to fa-
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cilitate the solution ; but it appears to act

only by thickening- the liquor^ and preventing

the precipitation of the insoluble matter ; the

British compose in this way a purgative le-

monade, which excites no nausea.

Cream of tartar consists merely of potash,

with an excess of tartareous acid.

The potash may be separated by the mineral

acids, combustion, distillation, and even by the

spontaneous decomposition of a solution of

tartars, as Messrs. Mackie, Corvinus, and

Berthollet, have observed. In this last case

there are formed flakes or pelliclesin the liquor,

v/hich continually augment till nothing is left

behind but an alkaline liquor.

This decomposition occurs equally in close

as in open vessels, according to the observa-

tion of M. Berthollet. All the results of the

extraction of potash from its acid concur to

prove, that the latter is contained in it nearly

^n the proportion of three-eighths.
1]

Cream of tartar is much employed in dye-

ing, in which it is usually combined with

alum.

In this case, its acid enters into union
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with the alimiiue:, and is precipitated on the

stuff.

It serves besides, in the north, the same pur-

poses for which v.e employ the common salt at

our tables ; and forms in this respect a very

threat article of consumption.
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CHAPTER XIV,

Oil the Couibiiiations of the Acetic Acid,

The acetic acid which is procured from

wine or beer, and by the distillation of wood,

and other parts of vegetables, is of all the acids

that which is most generally known, and the

most frequently employed. Not only is it used

at our tables to correct the insipidity of various

kinds of food^ and as a seasoning- for many

others; but is also employed in the manufac-

ture of ceruse, sugar of lead, verdigrisc, &c.

The metallic salts formed by this acid pos-

sess this peculiar advantage, that when em-

ployed in painting and dyeing, the acid con-

tained in them does not corrode the substances

to which it is applied. It may be diluted in

a dyer's vat v/ithout inconvenience, an advan-

ttige which is not possessed by any of the other

metallic salts.
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ARTICLE I.

Of the Combinations of the Acetic Acid -jcilh

Lead.

This combination, termed by chemists the

acetate of lead, is known in commerce under

the various appellations of salt of lead, su-

gar of lead, &c.

France, Holland, and England, supply all

the salt of lead which is used in the arts. In

France it is prepared with vinegar obtained

from wine, while in Holland and in England

they employ that produced from beer.

This salt is of a sweetish taste, on which ac-

count it has received the name of sugar of

lead.

It is decomposable by heat, and leaves a yel-

low residuum.

It decomposes the sulphates of lime, of alu-

mine and of magnesia, as well as the muriates.

From the decomposition of the sulphate of

alumine by this salt, there is formed an acetate
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of alumine, which constitutes the principal

mordant in printing cotton clotli.

This salt when exposed to the action of sul-

phuretted hydrogen g'as^ assumes a blackish

tint.

Its solution in water constitutes what is

termed the aqua Saturni, the vegdo-mineral wa-

ter of Goulard.

The specific weight of the acetate of lead is

2,345

It crj'stallizes in flat tetrahedral prisms, ter-

minated by dihedral summits.

In those provinces of France where wine is

the principal product^ and where of course the

quantity of vinegar produced far exceeds what

is required for domestic use, it has been ap-

plied to various purposes. Tims in the prin-

cipal cities of Provence, such as Toulon, Dra-

guignan, Marseilles, Aix, extensive works have

been established for the preparation of sugar

of lead ; and though the processes followed be

far from perfect, yet the salt is furnished at

such alow price, that they have hitherto oper-

ated to prevent the formation of similar es-

tablishments in other parts, particularly in the

north of France,
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The process followed in Provence consists in

oxydizing plates of lead by the vapour of vi-

negar, ill dissolving the oxyd in the acid, and

evaporating it in order to obtain the salt in

crystals. For this purpose they form the lead

into very thin plates, and the vinegar is sub-

jected to distillation.

Earthen capsules or dishes are disposed on

stages round the workhouse ; into these cap-

sules are introduced 4 or G pounds of lead, on

v-hich is poured 1 pound of distilled vinegar.

Thus there is formed on the surface of the me-

tal, not immersed in the vinegar, a white oxyd

whicTi is scraped off, and thrown into the acid

for the purpose of solution. The manufac-

turers, however, usually content themselves

with turning over the plates, that the oxydized

surface may be covered by the acid, while that

which has not undergone oxydation, may be

exposed to its vapours. These operations arc

alternately repeated twice or thrice every

day.

Care is taken to add new plates, in propor-

tion as the former arc wasted, so that the cap-

sules may be constantly filled bj' them.

The acid assumes, by degrees, a grey whitis^
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colour, and ^vhen sufficiently saturalcd^ is

transferred into tinned cauldrons^ to wbich

heat is applied, in order to perfect the com-

bination.

When the bulk of the liquor is reduced to

two-thirds, it is filtered, and evaporated till

crystals begin to shoot ; after vvhicli it is re-

moved into the crystallizing pans. As soon as

the cr3'stallization is completed, the vessels are

inclined in order to favour the efflux of the mo-

ther water from the middle of the crystals. The

salt is thus rendered white, and when dry, they

divide the loaves into parts for the purpose of

sale. Each part, or fragment, is composed of

an aggregation of small acicular crystals; tlir^sc

however, are separate and detached, when the

salt has not been suitably concentrated.

M. Pontier has communicated some interest-

ing observations on this operation ; an account

of which has been published by M. Vauquelin,

in the Annales de Chimie, vol. 37.

The salt of lead may be procured by dis-

solving the white oxyd of lead in the acetic

acid ; but for this purpose it is usual to em-

ploy litharge previously wcl! sifted, in order

to free it from the impurities, and any frag-
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merits of vitreous oxvd which it may corl-*

tain.

With this -view the acetic acid is saturated,

with litharge added to it bj degTees^, while at

the same time the liquor must he gently agi-

tated to prevent the deposition of the oxyd.

Oue part of litharge is necessary to saturate

ten or twelve parts of vinegar, at the fourth or

Bfth degree of concentration.

As soon as the solution is finishedj the li*

quor is left to settle, in order to assist the cla-

riiication. It is then poured off and evaporated

iu another cauldron.

The solution of the oxyd may be readily

effected in cold water, so as to mark 25 de-

grees of concentration. This method is the

most economical.

The evaporation is performed in copper

cauldrons. Those of lead are acted on, and

dissolved in a short time by the boiling acid.

The copper cauldrons would quickly be aS'ect-

ed by the action of the acid, were it not obvi-

ated by the introduction of ingots of lead into

the cauldron, on which tlie acid seizes in pre-

ference to the copper ; these ingots must be.
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replaced by others, in proportion as they are

wasted.

When the liquor marks 70 degrees of con-

centration, a small portion of it may be set

aside in a glass capsule to cool, to enable us

to judge whether the evaporation has baen car-

jied to a sufficient length.

When the liquor has been evaporated to a

certain point, it is transferred into eartheru

Tessels to crystallize. It runs together into a

mass ; and after leaving it at rest for two dajs,

the vessels are placed in a slanting position to

favour the etflux of the mother water fiom the

crystals. This may be still further fLicilitated

by making openings in the mass with a knife.

In proportion as the crystals are deprived of

the black mother water, they assume a white

colour, and present a dry mass, or aggrega-

tion of glossy crystals of a greyish white.

This salt differs, in appearance, from tha!:

which is prepared in Holland. This last suit

forms heavy compact masses, composed oi hivgc

irregular crystnls.

It not unfreqi^jntly happens, that the con-

centrated solution will not crvstallize : hut
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degenerates into a magma, or jelly. This cii

cumstance, for llie most part^ proceeds froni

the oxyd being superabundant^ and may be

remedied by adding to the liquor a fresh por-

tion of vinegar. The acid from beer dissolves

the oxyd cf lead without the aid of heat^ and

the solution may be concentrated to twenty-

five degrees, but the filtrated liquor becomes

turbid by rest. Its evaporation produces un-

seemly small crystals, mixed with a white

magma. By dissolving the whole in more acid,

and concentrating it by evaporation, the ace-

tate may be obtained in most beautiful white

crystals. This is at least conformable to my
own experience.

Instead of the oxyd the metal itself ma/

be employed. To this purpose it is reduced

into small grains, by pouring it into water^ and

making them fall together from a height of se-

veral feet. A stratum of these grains is then

formed in a cask, on which vinegar is re-

peatedly poured, and withdrawn by an aper-

ture formed in the bottom. The lead thus

moistened becomes heated and is oxydized.

The oxyd is dissolved by repassing the vinegar
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through the stratum. This solution ought to

be concentrated to 10 degrees, by two or three

successive operations.

If the concentration be carried further, crys-

tallization dees not take place ; but this may

be corrected bv again reducing the liquor to

10 degrees by the addition of more acid.

In all cases in which there is exhaled, dur-

ing ebullition, a very penetrating odour of

vinegar, we may conclude that more of it is

required. It seems in this case, that the ace-

tate suffers decomposition, and yields up its

acid.

Much depends on the choice of the vinegar

in the preparation of this salt. In general, the

strongest distilled vinegar is employed for this

purpose. When we purchase indiscriminately

all kinds of vinegar, as tbey are found in the

market, and employ them in this state, we ex-

perience great variations in the qualities of the

product, as well as difficulties in the operation;,

which frequently disconcert the manufacturer,

because, seldom possessing much scientific

knowledge, he knows not how to remedy

them. These vinegars are very often wines

slightly soured, or as the people judiciously

VOL. IV. q
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term them, wines beginning to catch air. Thesg

vinegars yield also by distillation a small por-

tion of a spirit, very disagreeable to the taste.

This quality is in my opinion attributable to a

considerable quantity of malic acid, from

which it is very difficult to free it.

In manufactures of salt of lead, conducted

on a great scale, it is necessary to employ those

large vats, vernacularly termed foudres. Into

them the vinegar is poured, and left to acidify

for a considerable time. As soon as one of the

vessels is emptied, another is filled, by which

means an acid of equal quality, and of the best

kind, is obtained.

It must be observed, that vinegars which are

not properly prepared, when combined with

the oxyd of lead, ^o not crystallize by evapo-

ration. This inconvenience may be remedied,,

by mixing with the solution one-hundredth

part of nitric acid ; but this addition is unne-

cessary, when vinegar of a good quality is em-

ployed
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SECTION IL

Of the Combinations of the Acetic Acid xvitli

Copper.

Acetate of copper, crystals of Venus, and

rerdigrise, are synonymous termS;, expressing

the cornbination of the acetic acid with copper.

The acetate of copper is one of the prepa-

tations of copper which is very much used in

the arts. Not only is it employed by painters,

but also by dyers, on many occasions, v/ith the

happiest offects.

Mostly all the oxyds of copper, obtained

by the action of saline substances on this m6-

tal, possess a blue colour, inclining more or

less to green.

All the neutral salts, nearly witliout excep-

tion, corrode this metal, and produce that

oxydation, which is denominated verdigrise.

For this purpose, it is sufficient to bring them

into contact with the metal, or to soak the me-

tal itself, in the form of plates in the saline so-

lution, and on withdrawing them, to expose

q2

i
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them to the action of the air^ and to leave

them to dry.

The acids which oxjdize the copper^ by their

action on it^ produce an effect similar to that

of the neutral salts. The oxyd is of a delicate

and bluish green colour. The action of some

of the acids is so rapid, that it suffices to ex-

pose the metal to their vapours, only for a very

few minutesj to oxydize its surface. The oxy-

inuriatic acid produces this effect, as ^^ell as

the vapours of t^he nitric, and those of the sul-

phuric acid.

A phenomenon which cannot escape an at-

tentive observer, is, that the oxyds of copper,

obtained by heat, are very different from those

produced by the action of the acids on the

same metal. Their colour is grey, instead of

green ; and when we push the calcination, by

an intense and long-continued heat, they may

be reduced into the state of a red oxyd of the

colour of blood.

This phenomenon did not escape the notice

of Kunckel.

The power of converting copper into a green

oxyd is not exclusively confined to saline sub-

stances. All oleaginous, and fatty matters.
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produce the same effect ; water itself, when left

for some time in copper vessels^ never fails to

oxydize them.

But what may appear very extraordinary is,

that the greatest number of these substances act

only on the copper at a low temperature.

The salts themselves^ which corrode this me-

tal;, when left in contact with it, never attack

it in such a marked manner as when agitated

by ebullition.

Of all the preparations of copper by oxyda-

tion, none is more valuable than that which is

produced by the acetic acid. All the verdi-

grise of commerce is prepared by means of

Ihis acid ; and it is particularly at Montpe-

lier, and in its vicinity, that the most extensive

manufactures of it are established.

There may be seen, in the Memoirs of the

Academy of Paris, foiv'1750, and 1753, a very

accurate account of the process which was

then followed, in the manufacture of verdi-

grise, at Montpelier ; but as this process has

been since greatly improved, and as, instead of

employing grape stalks and wine, they confine

themselves to the refuse of the grape, which is

found to be much more economical : we think
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it necessary to detail the process now emplovcd

for obtaining it.

The substances most essential to the prepa-

ration of verdigriscj are copper^ and the refuse

of grapes.

The copper formerly employed in France

for this purpose, was imported from Sweden ;

but at present it is procured from the different

foundries established at Saint-Bel, Lyons,

Avignon, Bedarieux, Montpelier, &c. It is

manufactured in round sheets, from twenty to

twenty-five inches in diameter, by half a line

in thickness. Each sheet is divided, at Mont-

pelier, into 25 plates, forming oblong squares,

from 4 to 6 inches in length, by 3 in breadth,

and weighing about 4 ounces. They are se-

parately beaten upon an anvil, to unite their

surfaces, in order to give to the copper the

requisite degree of consistence.

Unless this precaution be employed it exfo-

liates, and much difficulty is experienced in

scraping the oxyd from its surface. In this

way likewise scales of copper are raised up,

which occasions a considerable waste of metal.

The refuse of the grapes, after the extrac*

tion of their juice, known at Montpelier un-
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dci the name of raquc. was formerly thrown

to the dung-hill, after the small grains con-

tained in it had been devoured by poultry ; at

present it is preserved for the purpose of mak-

ing verdigrlse, and is sold at from 15 to 20

franks, equal to 1 /. sterling the hogshead, and

is prepared as follows

:

As soon as the fermentation of the grapes

has ceased, they are subjected to the press, in

order to express the wine which they contain

;

4,he expressed substance is then put into casks,

and carefully trodden down by the feet, in or-

der to render the mass as compact as possible;

the casks are afterwards carefully covered and

set aside in a dry situation until wanted.

This substance is not always of the same

quality ; when the grapes are not saccharine,

when the season has proved rainy, or when

any accident has rendered the fermentation in-

complete, or even when the wine is not of a

strong body, it is found defective in several re-

spects :

1. It is preserved with great difficulty, be-

ing apt to corrupt in a short time after it is

put into the casks.

2, It produces little effect, heats with diffi-
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culty, evolves little acetous odouF;, and causes

the plates of copper to sweat, without pro-

ducing the green downj matter termed verdi-

grise.

Independently^ however, of the nature of

the grape, and the state of the wine, the qua-

lity of the refuse varies according to the care

with which it has been expressed. That which

has been rendered perfectly dry, produces less

powerful effects than that in which part of the

juice remains.

In order to explain the different effect pro-

duced by this substai'ice, it is sufficient to ob-

serve, that it acts merely from the quantity of

wine contained in it, since it is only this liquor

which can pass into a state of vinegar. Thus

then the refuse intended, for the use of ver-

digrise makers, should be subjected to a less

degree of pressure than usual, in order that it

may retain more of the principle of acetifica-

tion.

After providing a sufficient quantity of this

refuse, and of copper, the subsequent steps

are conducted as follows :—The different ope-

rations are usually carried on in cellars^ though
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they would succeed equallv well in apart-

ments on a level v^^ith the ground, provided

they weie sUiTiciently damp, of an uniform

temperaturej and did not admit too much

light.

The first part of the process consists in fer-

mentiiig- the expressed grapes ; for this pur-

pose they break up one of the casks, and dis-

tribute the materials into two others of equal

dimensions, taking care to compress them as

Jittle as possible. The contents of one cask

ought to fill two, and occupy at least a double

space after this operation.

In some works of this kind, they divide the

refuse contained in one cask, into tventyor

twenty-five earthen vessels, which are usually

16 inches in height, by 14 in diameter at the

widest part, and about 12 at the mouth. The

vessels are then slightly closed with lids, which

are not however fixed down. Ihe openings

are surrounded with strav/ wrought for the

purpose, t

In this situation the materials soon become

heated, which may be observed by plunging

the hand into one of the vessels, and by the

^cid odour which betcins to exhale from them.
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The fenneritation commeaces at the bottom of

the cask, and gradually ascending, at length

pervades the whole mass. During this pro-

cess, Reaumur's thermometer ascends to 30

and 35 degrees, at the end of three or four

days the heat diminishes and disappears ; and

as the nianufa-eturer is afraid of losing a por-

tion of vinegar which is the natural conse-

quence of long continued heat, he takes care

after the fermentation has continued three days

to remove the fermenting materials from the

vats in order that they may cool more rapidly.

Those who employ casks transfer them mto

stone vessels, and those who use the stone ves-

sels as fermenting vats, remove them into

others of the same kind. Besides the loss of

acetous spirit, long continued heat imparts a

mouldiness to the residuum, or raque, which

renders it unfit for the production of verdigrise.

In order to augment the effect of the expressed

grapes, they are formed into a heap and

sprinkled with strong wine previous to fer-

mentation.

Fermentation does not always take place in

the same time, nor proceed with the same ac-

tivity. Sometimes it appears in twenty-four
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JioiirSj and at others it does not commence til!

after the termination of three weeks.

The heat is sometimes so considerable, that

it is impossible to retain the hand in the mass,

and at the same time a strong acetous odour is

diffused round the fermenting vessels ; while at

others the heat is scarcely perceptible, and very

quickly disappears. Cases even occur in which

the materials putrefy, become mouldy, and re-

main perfectly vapid. The fermentation is en-

couraged by increasing the heat of the apart-

ments by means of stoves, covering up the vats

with blankets, shutting the windows, and stir-

ring up the materials in order to give them

air. The differences in the fermentation de-

pend, 1st. on the temperature of the atmos-

phere ; thus fermentation is more rapid during

summer ; 2d. on tlie nature of the fermentable

materials; that which is produced by sweet

grapes heats most easily; Sd. on their quantity;

a large mass of materials ferments more quick-

ly, and with greater activity than a smaller

quantity ; 4th. on the contact of the air; the

materials ferment in proportion to the free ac-

cess of the air.

At the same time that they ferment the €X-
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pressed gra^ic with the view of fitting it for the

production of verdigrise^, they prepare the cop-

per plates which are to be employed for the

first time^ by rubbing them over with a piece

of linen, dipt in a solution of verdigrisc, in an

earthen pan. They are immediately extended

by the side of each other and left to dry. Some-

times the plates are laid over the fermenting

liquor, or placed one above another in that

which has been already employed, in order to

dispose them for oxydation.

We have already observed, that if the plates

are not subjected to this kind of preparation

or washing, they will become black instead of

green by the first operation.

When the plates are properly disposed, and

the materials in a st^te of fermentation, with

the view of ascertaining whether it be a pro-

per period to proceed to the remaining part of

the operation, one of the plates is put into a

vat and allowed to remain in it for twenty-

four hours. If at the termination of this pe-

riod we observe the plate covered with an uni-

form green layer, so that the copper docs^ not

appear, we judge it to be in a proper state to

proceed ; but if on the contrary, drops of wa=
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ter hang on the surface ofthe copper, the work-

men say that the plates sxveat, and conclude

that the heat of the fermented mass has not

been sufflcientlj diminished, on which account

another da.y is allowed to pass before making a

similar trial.

On ascertaining that the materials are in a

proper state, they proceed to form the strata in

the following manner

:

They place the plates in a vat, separated in

the middle by a wooden grating, parallel to the

bottom on which the plates rest; a pan full of

live coals is placed underneath this grating,

which heats them to such a degree, as some-

times to oblige the women, who m-anage this

part of the work, to lay hold of them with a

piece of cloth to prevent their hands from

being burnt. When the plates have attained

this degree of heat, they are put into the earthen

vessels, so as to form alternate strata with the

fermented materials, the upper and under lay-

ers being composed of the expressed grapes.

The vessels are then shut with their straw co-

vers, and left at rest. From 30 to 40 pounds

of copper is put into each vessel, according to

the thickness of the plates.
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At the termination often, twelve^ fifteen, of

twenty days, they open the vessels, and readily

ascertain if the operation be completed by the

materials having become white.

Detached glossy crystals are then perceived

on the surface of the plates ; when the grapes

are thrown away, and the plates put aside for

future operations. For this purpose they are

placed in a corner of the cellar, one against the

other upon pieces of wood laid on the ground ;

at the end of (wo or three days they are moist-

ened by taking them between the fingers and

dipping them into a vessel of water, after which

they are replaced in their former situation,

where they remain seven or eight days, and are

again subjected to immersion as before. This

alternate moistening and drying is performed

six or eight times at regular intervals of seven

or eight days.

As these plates are sometimes dipt into wine,

the workmen term these immersions ojie "doine,

tivo i£ines, three ijcines, &c.

By this process the plates swell, become

green, and a stratum of verdigrise is formed on

their surfaces, which is readily scraped off by

means of a knife.

\
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At every operation each vessel yields from

five to six pounds of verdigrise. In this state it

is termedfresh, or humid verdigrise, and is sold

by the manufacturers to wholesale dealers who
dry it for exportation. In this first state it is

in the form of a paste which they carefully

knead in wooden troughs^ and afterwards put

into leathern bags a foot in length by ten

inches in diameter. These bags are exposed

to the sun and air until the verdigris has at-

tained a sufficient degree of dryness^ when it is

termed dr^ verdigrise. It loses 100 per cent, of

its weight by this operation. They say it is

knife proof, when this instrument plunged

through the leather bag caniiot penetrate the

loaf of verdigris.

The copper plates employed in its formation

are not thrown aside till they are complete ly

corroded by the repeated action of the veijuice.

In place of the artificial heal mentioned above^,

they are sometimes merely exposed to the heat

of the sun; the same plates sometimes last for

ten years, but they are frequently worn out at

the end of two or three. This^ however, de-

pends in a great measure on the qualiiv of the

copper; that which is uriiform^ well bamnier-
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ed, and very compact^ is considered as the most

valuable.

Formerly the wet verdigrise could not be sold

until its quality had been previously proved;

and for this purpose it was entered at a public

magazine, where it was sold after veriHcation,

It is perhaps to this regulation that Mont-

pelier has been enabled to maintain a superi-

ority in the commerce of this article for several

centiiries. This is a species of protection which

secures to the consumer on the ovte hand, a

pure and faithfully prepared article, and to the

honest manufacturer on the other;, a certain sale

for the product of his labours.

From the period at which all kinds of con-

troul ceases,.v,e observe abuses of every kind

rapidly multiply ; the consumer formerly secure

respecting the purity of his materials, is now in

daily dread of suffering by the cupidity and

cunning of those with whom he deals. His

art, so to speak, is now in his own hands only

a discouraging alternation of success and

failure*.

* I speak kere only of regulations which tend to secure

the purity of lliose products, a knowledge of which cannot

i
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(Dn a comparison of the process described by

Montet, with that I am about to mention, it

will clearly appear that all the changes which

have taken place are in favour of the new

method.

Formerly they took the grape stalks which

had been dried in the sun, and dipt them dur-

ing eight days into the residuum of wine, dis-

tilled with the view of procuring ardent spi-

rits. They were then placed in baskets to

drain, after which about four pounds were put

into an earthen vessel. Upon which were pour-

ed three or four pints of A^iue. The stalks

were strongly impregnated with this wine by

frequently turning and pressing them down

with the hand ; after which the vessel was co-

vered and the materials left to ferment. The

fermentation commenced sooner or later ac-

cording to the nature of the wine and the tem-

perature ofthe air ; but when once begun, the

wine became turbid, and exhaled a strong

be obtained by simple inspection. I would be the last to

propose any restrictions on their preparation j since such

restrictions would be wholly subversive of all industry,

yoL, iv, R
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acetous odour; in fine the lieat lessened, oa

which they withdrew the stalks and poured

off the wine. IVhen the stalks had drained a

little, they disposed them in alternate strata

with copper plates, and the operation pro-

ceeded in the same manner as Nvhenthe expres-

sed grapes w^erc ernploycd.

When the plates were taken out of the 'ves-

sels in order to be put aside, in place of dipping

them in pure water, as is practised at present,

Ihey moistened them two or three times with

the residuum of the distillation of wine as al-

ready mentioned, and this is what was termed

by the workmen giving them three or four

'iVfnes.

V/e have already observed that great eco-

Jiomy has been introduced into these manufac-

turcs by leaving olf the use of wine, v/hich

ronsi'derably enhanced the price of verdigrise.

It ^Yas at first objected to the new method that

by it the copper was too quickly destroyed,

but this objection fell to the ground of itself,

when it was seen that the quantity of verdigrise

obtained was in proportion to the erosion of

the copper ; and. what afibrds a con\incing

proof 0? its superiority is, that this methods is
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now universally adopted by all manufacturers^,

to the exclusion of the former practice.

The manufacture of verdigrise at Montpelier

is not a weighty concern^, as it does not re-

quire an expensive apparatus ; a few earthen

•vessels forming the whole furniture of the

workhouse^ it is become;, so to speak;, a domes-

tic operation. In most houses there is a ver-

digrise-ccllar ; and it is by the females of the

family that the principal operations are con-

ducted. In the intervals of their other house-

hold concerns, they usually find time to attend

to their cellar^ and sometimes derive consider-

able profit from the product of their labours;

it forms indeed a more valuable resource as it

is attended with no kind of risk whatever. The

female proprietors of these small works con-

sider the scraping off the verdigris, and form-

ing the strata^ as the chief and most diificuli

part of the operation.

It will readily be perceived tliat this mode

of manufacturing verdigrise v»oukl be incom-

patible with large establishments. They would

certainly miscarry if carried on at the same

time with these jmall masiufactures, where the

r2



2ii CHEMISTRY

profit is onlj regarded as an auxiliary resource^

and the labour as an amusement.

It would besides be impolitic^ and very un-

fortunate for society, were this branch of trade

to centre in the hands of a single capitalist,

which at present tends, by a variety of chan-

nels, to give life and activity to a numerous

population.

The mode of preparing vcrdigrise would un-

questionably admit of some improvement. For

example, the acetification requires a warmer

temperature than what is produced in the

earthen vessels ; it would therefore be neces-

sarj^ that this part of the process should be

conducted in a separate apartment. The plates

w hen set aside to generate the verdigrise, require

a different degree of heat and humidity from

that which is requisite for the other operations.

But I have always thought that in order to

produce these changes, it would be necessary

to withdraw these establishments from that

portion of the people in whose hands they are

at present^ and to whom it is sufficient to pos-

sess a small cellar, or one under a stair-case, in

order to establish a manufacture which affords

them the means of subsistence.
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After dissolving the crude verdigrise in dis-

tilled vinegar^ and concentrating .the solution

until it shoots into crystals;, it takes the name

o£ crystallized verdigrise, or crystals of Venus.

These crystals were for a long time prepared

in Holland, but at present they are produced

in such perfection at Montpelier, as to be pre-

ferred to those of foreign manufacture. The

process usually employed for this purpose, con-

sists in dissolving the verdigrise in distilled vi-

negar, and evaporating the solution till a

pellicle appears, in order to hasten the crys-

tallization.

They employ in general the residuum from

the distillation of wines, which they allow to

become sour, and afterwards distil.

This distilled vinegar is poured into cal-

drons, and boiled on th€ verdigrise. As soon

as it is sufficiently saturated, the liquor is left

to repose, and afterwards transferred into ano-

ther copper caldron, in which the evaporation

is performed. When the solution is sufficient-

ly concentrated they plunge into it rods, which

are fastened by means of packthread to wooden
bars, supported by the sides of the caldron.
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These sticks arc a foot in lengthy and cleft

across to within two inches of the superior

extremity, in such a manner that thcj devari-

cate into four branches, which are kept asunder

by small pegs. The crystals attach themselves

to the surfaces of these sticks so as to exhibit

the appearance of a cluster, presenting on all

sides perfect rhombs, of a deep lively blue

colour.

Each cluster weighs from 5 to 6 lbs. The

fracture of these crystals is of a brilliant green,

\ery beautiful, and inclining towards blue.

It requires nearly 3 lbs. of moist verdigrisCj

to produce 1 lb. of the crystals.

The residuum deposited by the solution was

formerly rejected as useless; but having dis-

covered on analysis that it contains mqch cop-

per in a metallic state, or in that of a very

weak oxyd, I took sucli means as were pro-,

per to oxydize this residuum, and have derived

from it very great advantages.

This process though simple., appears to me

to be susceptible of very great improvements.

The following are the results of several of

thcEe experiments

:
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1. Copper may be oxydized by the vapours

of the oxj-miiriatipacifL and the oxvd dissoiv-

€d br the acetic acid.

2. The sulphiiret of copper strongly calcined

yields a residuum soluble in vinegar, and sus-

ceptible of forming with it an acetate.

3. The acetate of lead decomposes the sul-

pisatc of copper dissolved in water. The sul-

phate of lead is precipitated, and the acetate

<)f copper remains in solution, L\nn which

Qrjjsiais of copper arc obtained by decantatioii

and evaporation.

The distillation of acetate o'f copper fur-

nishes very strong condensed acetic acid.,

kiiown under the name of radical vinegar.

The crystallized vcrdigrise is preferred to

the other in the conjpoiiilion of coknir.';, and as

;-' inordant in dyeing.
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CHAPTER Xy.

Of the Comiinations of the Oxalic Acid.

THE oxalic acid is capable of combining

with almost every known base; it forms an

insoluble salt with lime^ and precipitates it

from all the acids^ so that it constitutes an ex-

cellent re-agent to discover the presence of this

earth in combination with solution.

The oxalate of ammonia^, however^ is pre-

ferable for this purpose, because it acts much

more powerfully.

SECTION L

Of the Combinations of the Oxalic Acid xvith

Potash.

This combination, which Scheele, West-

Kumb, and Hermsiadt discovered to be com-
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posed of potash and the oxalic acid, forms

>vhat is termed the oxalic acidule, or salt of

sorrel.

This salt is not formed artificially in our la-

boratorieSj because it is found more economi-

cal to extract it from the plant, the name of

which it bears.

Boerhaave appears to have been the first

who described the process by which it may be

procured from the plant which contains it : he

tells us that we ought to add to the expressed

juice of the rumex acetosa, six times its weight

of rain water, that it may readily pass through

a linen cloth ; that then the liquor must be

evaporated to the consistence of cream, and

exposed in a cold place, after covering it with

a stratum of oil, in order that the crystals may
be precipitated by rest.

Since the days of that celebrated chemist,

Margraaf, Bayon, Savary Wenzel, "V^ iegleb,

and Baunach, have furnished us with many

important facts relative to the formation of

this salt.

It appears that, for a long time, this salt

was procured from the juice of wood sorrel,

xalis acetosella ; but now it is for the most
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part obtained fiom the rumcx acctosafolUti sa~

gittalis of Linnaeus.

We are indebted to Bauuach for sonieintei-

esting' observations;, not only on the mode of

cultivating this plant;, in that part ol' Swabia

known under the name of tlie Black Forest,

but also on the manner of extracting and puri-

fying this salt.

They sow the sorrel in Marchj and cut down

the plant in June.

The plants are bruised in a large v. oodrn

mortar, by means of a hammer or pestel mo\ed

by water, after which they introdiice the juice

and the remains of the vegetable into wooden

tubs.

After mixing this juice, and the remains of

the vegetable in pure water, they leave theui

to macerate during some days^and then sub-

ject the whole to the action of a press.

When this operation is finished, the ex-

pressed matters are again bruised, adding oc-

casionally a little v> atcr, and treaticg them as

before.

For 120O pints of i\\e expressed juice,

slightly heated, and put into tubs, are added

20 pounds of white and pure argillaceoui:
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earth, after which the \Yholc is agitated, and

left to settle for 24 hours.

At the cxiairation of this period, the clari-

fied juice, which swims on the surface, is pour-

ed off, and the matter deposited passed through

a filter ; after which they transfer the clarified

juice into a tinned copper, and evaporate it

till a pellicle appears on the surface of the li-

quor.

The juice thus concentrated is introduced

into earthern vessels, that it may shoot into

Cf'jstals.

These are afterwards purified by suhjcctin<j

them to repeated solution and crystallization.

The mother water coiitains a portion of the

iiiuriate and sulphate of pot-ash. One pound

of this plantj according to Baunach, yields ;

oz.
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This salt crystallizes in prismsj united at one

of their extremities, and divergent at the

other.

Wiegleb describes them as forming elon-

gated rhombs, lying one over the other. Ac-

cording to Delisle, they assume the form of

long parallelopipeds.

This salt is soluble in six times its weight of

boiling water. But its solubility varies accord-

ing to the purity and the proportion of its

constituent parts. According to Wenzel, 675

parts of this salt are soluble in 9G0 piirts of

water, at 212 degrees.

This salt is applied to the same purposes as

the acid, but its efiects are less marked.
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CHAPTER XVI.

Of the Combinations of the Boracic Acid.

The only combination of this acid at all em-

ployed in the aitS;, is the borate of soda, or as

it is more frequently termed, borax.

SECTION r.

Of the Combinations of the Boracic Acid tcitk

Soda.

Although borax has for a long time been an

article of traffic, there is scarcely any produc-

tion with the origin of which we are less ac-

quainted ; but notwithstanding the obscurity

in which the history of this salt is involved,

yet there are some facts respecting it too well

authenticated to permit us tf call them in

question.

The jiitron baurake of the Gxeeks, the bo-
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rith of the Hebrews, the haurach of the Ara-

bians, the boreck of the Persians, the burach

of the Turks, the borax of the Latins, all ap-

pear to express one and the samfe subslancc,

the borate of soda.

Two kinds of borax arc distinguished iit

commerce, viz. crude and rcllucd borax.

The quality of the first varies in proportion

to its purity, and the place from whence it is

obtained. In conimeice two kinds of it arc

known. The one is brought by sea from Gom-

non and Bengal,' the other bj land from Ben-

der to Bassy, to Ispahan, and even Gihian,

whence it is sent by the Caspian Sea to Astra-

ca«j, and thence by land to Petersburg, an4

from this last place to diiTerent parts of Eu-

rope.

The first is in a very impure state, and held

in little estimation ; but the second, which is

brought by the caravans of the East, is com^

posed of hard and greenish crystals.

In comparing what different historians have

related respecting the origin and extraction of

borax in Peisi%, JMogoi, and Thibet, they ap-

pear all to agree that this salt exists in certain

wells and lakes, and is extracted from them by
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evaporation. This is proved by the testfmony,

firsts of Bennetj a surgeon of the East India

Company ; second^ by that of Saunders^ who

accompanied Governor Hastings in his journey

into Thibet,

In the account given by Saunders we are

informed^ that the lake from which the borax

is procured;, lies fifteen days journey to tire

north west of Tissoolembo ; thirdly^ by that

of a naturalist, who, in 1768, furnished M.
Valmontde Bomaire with a particular account

of the borax of India.

It should seem moreover, from the relation

given by Grill, in the Memoirs of the Academy

of Stocidiolm for 1773, that in some parts of

Thibet they excavate the ground to the depth

of six or eight i^cei, and thus ptocure tiie salt

in diifcrenl degrees of purity.

A traveller presented M. de Bomaire with a.

piece of native borax, which he affirmed is

frequently found in beds in different caverns

in Persia, and which is of a whitish colour,

extremely alkaline to the taste, somewhat

sweet, and loss insipid than common borax.

A citizen of Dresden discovered, in 1755,

ia the Electorate of Saxony, a mijaeral earth.
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v/hich yielded a product fit for the purpose of

soldering.

Borax has also been found in Spanish Ame-

rica. We owe this discovery to Dr. Carrera, a

physician,, settled at Potosi. In the mines of

Riquintipa^ near Escapa, it is found in great

abundance. It is employed as a flux in the

copper mines.

In its impure state^ it is called tincal, in

Thibet.

For the most part fhe borax^ in a crude

state, is stained with a kind of greasy matter,

with which it is incrusted.

Crude, like purified borax, appears in hex-

angular prisms, somewhat flattened, and ter-

minated by dihedral pyramids. The crystals,

when broken, appear shining, and of a green-

ish hue.

The process for purifying borax was long

confined to the Venetians ; but the commerce

with the Levant having been interrupted, in

consequence of the war carried on for such a

length of time between the Turks and the Per-

sians, the trade fell into the hands of the

Dutch, who continued to monopolize it, till
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Very lately, when establishments of the same

kind were formed at Paris.

Tincal is not very soluble in water, a cir-^

cmiistance which seems to depend on the

greasy matter united with it. It is owing to

the presence of this principle, that it passes

with difficulty through filtering paper. I have

found, that 10, or 15 parts of boiling wa-

ter, are necessary to dissolve it completely.

By exposure to cold alone, and a proper con-

centration of the solution, it shoots into lamel-

latad crystals, M'hich require to be still further

purified by solution, and filtration, in order to

give them the requisite degree of whiteness.

By this means we separate the super-abun-

dant and uncombined portion of the principle

which remains in the mother water, and from

the earthy impurities which the tincal, in a

greater or less proportion, alway contains.

It appears that the Dutch content them-

selves with digesting the tincal in hot water

for eight days ; and after purifying it by cola-

ture, and concentrating the solution by means

of a moderate heat in leaden cauldrons, set it

aside to shoot into crystals, in vessels of the

same metal, which they surround and cover

VOL. IV. 9
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carefully v»ith straw^ in order to support the

heat for a considerable time. It is not till

after tlie lapse of fifteen or twenty days, that

they remove the crystals which are formed.

This } roccss, which I myself have frequently

repeated, is extremely accurate.

B}' this method we obtain a borax equally

pure as that which is regarded in commerce

as of the best quality ; but it is of consequence

that the solution should be subjected, for se-

veral days, to a dfgree of heat approaching

the boiling point, and regularly maintained

without agitating the liquor ; thus there will

be precipitated a great portion of the extrane-

ous matter with which the borax is intermin-

gled ; and beautiful crystals be obtained by

evaporation, without the necessity of previous

filtration.

In general, there may be obtained seventy-

five, or eighty pounds of pure borax from each

quintal of the tincal, or made borax.

The process here described for the purifica-

tion of borax is the most simple, and the least

expensive of any with which I am acquainted.

I liave also employed others ; but though they

do not appear to me to bo superior^ I yet
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think it proper to describe them^ with a view

to prevent a loss of time to those who might

otherwise be induced to try them.

1. Crude tincal dissolved in a weak solution

of soda, and properly concentrated by evapor-

ation;, yields beautiful crystals. The product

even exceeds, by five or six per cent., that

which is obtained from the process already

mentioned But the borax procured by this

method slightly effloresces in the air, a circum-

stance indicative of an excess of soda. It did

not, however, appear inferior as a solder,

2. We may destroy the greasy principle of

the tincal by calcination, and facilitate by that,

means the solution of this salt. In 1779 I

made these experiments, but it has been since

pointed out, that there v.as an enormous loss

sustained by this process, which has prevented

me from publishing the results, though I have

publicly mentioned them in my class.

Althousrh the solutions of calcined tincal be

more free from impurities, and much more

readily pass the filtre than those of the uncal-

cined tincal, yet these last yield finer crystals

than the former.

s %
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Tliere are two sorts of purified borax sold

ill commerce ; tbe one is termed Dutch borax,

and the other Chinese borax ; they are both

manufactured in the same places; but the

former is the product of the first crjstalliza-

tion, while the second is furnished bj the last.

The first consists of beautiful detached crys-

tals, about one inch in length, and nearly of

an equal diameter. They are white, semi-

transparent, and of a greasy fracture. The

form of the crystals is that of a six-sided prism,

somewhat flattened, and terminated by trihe-

dral, sometimes by hexahedral pyramids.

The second is composed of lamellated crys-

tals, covered with a mealy or farinaceous pow-

der, which seems to be of the nature of argil.

Borax is of a styptic taste, and changes the

syrup of violets to a green colour.

Exposed to the action of heat, it swells,

loses its water of crystallization, and is reduced

into a white, light, friable, and opaque mass,

in which state it is termed calcined borax. If

a more violent heat be applied, it assumes the

appearance of paste, and at last melts into a

transparent greenish yellow glass, soluble in

water, and efflorescing in the aii".
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This salt is soluble in 18 parts of water, at

60 degrees of Fahrenheit, and in 6 at 212 de-

grees.

Borax is one of the most active fluxes known,

and is therefore frequently employed to ascer-

tain the degree of fusibility of certain bodies,

or to accelerate the vitrification of other sub-

stances. It is also highly useful in soldering

metals, cleansing their surface, and assisting

the fusion of the solder.

The property which borax has, however, of

swelling on exposure to heat, renders its em-

ployment, in a crystallized state, difficult, since

the intumescence tends to displace the pieces

of metal intended to be united, and thus frus-

trates the views of the artist. This inconveni-

ence may, however, be partly obviated, by cal-

cining the borax, and employing it only when

beginning to vitrify.

Wh^n the pure earths are exposed with this

flux in clay crucibles, under the muffle of a

cupelling furnace, to a heat from 22 to 26 de-

grees of Wedgwood, and kept up during twa

hours, the following are the results.
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1. One part silica, and two borax.

A beautiful, pure, and transparent glass.

2. 1 alumine, 2 borax,

A beautiful transparent glass, of a vivid

green, cracking on being withdrawn, from its

adherence to the crucible.

3. 1 lime, 2 borax.

A beautiful transparent glass, with a slight

yellowish tint. The crucible appearing to

have been much acted on in every part with

"which the mixture in fusion had come into

contact.

4. 1 magnesia, 2 borax.

A semi-transparent glass, of a milky colour^,

having the appearance of a jelly, extremely

hard, separating into large fissures on bein^

withdrawn from the crucible.

5. 1 barytes, 2 borax.

Beautiful glass, perfectly transparent, co-

lourless, excepting a slight yellow tint, not

cracking, adhering to the crucible, and h h

enough to resist the point of a knife.
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Borax determines the fusion of most sub-

stances, even of those which prove refractory

to the action of oxygen gas. We have a strik-

ing example of its influence in the preceding

experiments, from Avhich it appears, that the

fusion of silica v/as effected by it, at the 22d

degree of Wedgwood, while this cannot be ac-

complished by oxygen gas, but with a degree

of heat corresponding to the 4043d degree of a

similar scale.

In all metallurgic and docimastic operations,

the fusion of metals, and metallic oxyds, the

most refractory is determined by mixing them

with a small portion of borax, and other bo-

dies, which readily pass into a state of fusion,

or disengage the oxygen from the oxyds

which we wi-h to reduce.

In this case, as soon as the matter is fused,

and liquefied by exposure to an intense heat,

it is left gradually to cool. The metal, as be-

ing most heavy, fails to the bottom, while tha

vitrified flux remains on the surface.

I have seen borax used with astonishing

success in glass-houses, particularly when very

refractory sands., or alkalies of a bad quality
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had been employed. For this purpose, it is

sufficient to mix carefully with the composi

lion contained in each pot a few ounces of

borax. The matter then readily meltsj and

forms a consistent paste^ which is easily re-

lined, and blown without trouble.

In short, borax may be employed with ad-

vantage, in every case, when the object is to

facilitate the fusion of any kind of matter.

It remains united with the earths and metallic

oxyds, with which it forms the vitreous

masses. It concretes in a vitriform stratum

above the metals, the fusion of which it has

accomplished. It dissolves and enters into

combination with all saline substances, pro-

ducing saline compounds.

Its use would unquestionably be still more

prevalent, were it more common ; but its scar-

city has so enhanced its price, that it cannot

be employed as a flux on a great scale, and in

works, the product of which is comparatively

of little value. Besides, during war, a regu-

lar supply of it cannot without difficulty be

obtained ; on which account, I shall here

mention some formulae, by means of which the



APPLIED TO THE ARTS. 265

use of borax ma}% to a certain degree^ be su^

perseded.

1

.

We are indebted to Georgi for the fol-

lowing process.

Natron is dissolved in lime water, and the

crystals set aside which are deposited on the

cooling of the liquor. The lixivium is then

evaporated, and tlie residuum dissolved in the

milk of lime ; this is also evaporated to an ex-

tract which is employed to answer the same

purpose as borax.

2. Struve and Exchaquet have proved, that

the phosphate of potash fused with a certain

quantity of sulphate of lime, forms an excel-

lent glass for soldering metals.

3. Pelletier has successfully en'iployed the

phosphoric glass well pulverised as a solder

for silver.

4. Lcmery proposes a composition prepared

with nitre fixed by charcoal, alum, and urine.

This mixture is evaporated to dryness.

5. The chrysocolla, mentioned by Diosco-

rides, which the ancients employed to answer

the same purposes as borax, was evidently no-
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thing more than a kind of solder prepared by

the artists themselves^, with the urine of chil-

dren and the rust of copper pulverised in a

eopper mortar.
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CHAPTER XVII.

Of the ComJ)inations of tlie Prussic Acid.

THE prussic acid is of so volatile a nature

that it can scarcely be obtained pure and free

from extraneous matters ; it forms very vari-

able salts with different bases.

After the important discovery of the prus-

siate of iron^, w^hich is of aU the combinations

of the prussic acid that which is the best

l^novvn^ Macquer succeeded in separating it

by other substances^ under the name of the co-

louring pinciple of Prussian Mue, witlwut sus-

pecting that it was a distinct and peculiar

acid.

On distilling the prussiale of potash, the

greatest part of the prussic acid passes into the

recipient in solution with the wa>:er. This li-

quid does not change vegetable colours ; when

mingled with alkalies all the acids disengage it

in an elastic form.
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If the prussiate of potash be boiled on the

oxyd of iron, it forms a new combination, pos-

sessing new properties^ and which shoot into

yellow crystals of an octahedral figure.

It is to the powerful affinity exerted by the

prussic acid upon the oxyds, that we ought to

refer the active acidity it assumes in this case.

As the only prussiate which is employed in

the arts is that formed by the prussic acid with

the oxyd of iron, we shall here confine our-

selves to its consideration.

SECTION L

Of the Comhmations of the Prussic Acid Willi
'

Iron.

M. Pro List has given us a very interesting

work on the different degrees of oxydation of

metals, and having ascertained iron to be sus-

ceptible of two different states of oxydation,

he asserts, that the prussic acid forms a white

prussiate with iron in its lowest state of oxyda-

tion, and a blue prussiate with the oxyd of

the same metal carried to its maximwn.



APPLIED TO THE ARTS. 269

M. Beithollet attributes this variety not so

much to the difterence in the degree of oxyda-

tion of the iron;, as to the incomplete decom-

position of the sulphate of iron^, which takes

place when the metal is slightly oxydized^ be-

cause in this case the sulphuric acid is more

adherent to its base. He founds his opinion

upon this circumstance^, that by weakening the

mixture of the prussiate of potash^ and sul-

phate of iron by the addition of water^ it will

become of a dark blue colour^ having a green-

ish tinge ; and by pouring an acid upon a

white prussiatC;, the action of the prussic acid

is augm.ented;, and the colour changes into a

blue. For this purpose the preference is given

to the muriatic, sulphureous and phosphorous

acids, which all produce this effect without its

being suspected that they gave out oxygen to

the oxyd. M. Berthollet repeated these ex-

periments in flasks that were instantly shut lest

it might be supposed that the atmospheric air

furnished the oxygen, and he uniformly ob-

served, that tlie white prussiate became blue

l)y a mixture of the sulphuric, muriatic, sul-

phureous, and phosphorous acids.

M, Rcrthollet cannot deny, but that some
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difference takes place between the prussiates in

consequence of the state of oxydation of the

metal. For example, that in which the iron is

slightly oxjdized is of a brighter blue, and not

so quickly precipitated from the solution in

which it is formed.

We shall next point out in what manner the

combinations of the prussic acid with iron are

produced in those workshops where they pre-

pare the prussiate for the purposes of the arts,

and where it is known under the name of PruS'

Stan blue. Before, however, entering on this

part of the subject, it may prove interesting

to give some account respecting the origin of

this important discovery.

We learn from Stahl, that Dippcl gave to

Diesback, a manufacturer of colours, a quan-

tity of potash upon which he had distilled

animal oil. Diesback who was in the habit

of precipitating the lake, from a solution of car

chineal, alum, and a small portion of sulphate

of iron by the aid of an alkali ; having em-

ployed that given to him by the chemist of

Berlin, was surprised at obtaining a blue pre-

cipitate. He imparted this result to Dippel,

who in endeavourinjr to lind out the cau&C;,
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^liscovered the means of composingj at a small

expencC;, that beautiful blue dye, which from

its origin, bears the name of Prussian blue.

This discovery was first published in the

Memoirs of the Academy of Berlin for 1710,

but the process was kept a secret till 1724,

when Woodward published the account which

he had received of it from one of his friends

in Germany, in the Philosophical Transactions

of London.

Until that period they had employed the

charcoal produoed by burning blood, in order

to impart to the alkali the property of precipi-

tating the iron of a blue colour ; but Geoffry,

a celebrated physician, demonstrated the fol-

lowing year, that tlic charcoal of all animal

matters produced the same eiFect, and that

even the vegetable charcoals possessed the same

quality though in an inferior degree,

From this time the different chemists who

turned taeir attention towards this pheno-

menon, strove rather to investigate the theory

on which it depends, than to bring to perfec-

lioQ ^le process by which this dye is ob-

tained.

it Vf-as ia 1742^ tliat the celebrated Sclieele
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succeeded in discovering the anima! acid

which is combined with the iron in the Prus-

sian blue. This acid is now know n under the

name of the prussic acid; and it is, for the

most part extracted from animal substances,

because it is present in them in the greatest

iabnndance.

In all the different processes employed in

the preparation of Prussian blue^ the first step

is to calcine the animal matters ,, ith the pot-

asli, in order that it may enter into combina-

tion with the acid contained in them ; after-

wards there is mixed together a solution of

iron and of sulphate of ahimine/ with this

pnissiatc of potash, in order to obtain the

prussiatc of iron, which always retains a por-

tion of akimine and of potash.

But this process varies 1st. in the choice of

the animal materials ; 2. in the preparation of

the alkali ; 8. in the mode of calcination ; 4.

in the proportions between the sulphate of

alumine and that of iron ; 5. in the manner of

lieisbteninG* the colour.

1. Blood was the first, and for a long time

the only animal material employed in this pre-

paration, and it must be admitted, that ihei'c
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is no other more advantageous in respect to the

products which it furnishes.

But the difficulty of drying it on the one

hand, and on the other the trouble f procur-

ing a sufficient quantity of it any where but in

large cities, at length induced manutdciurers

to substitute some other material in its stead.

A^ eber informs us, that in Germany they em-

ploy the horns, hoofs, and ether parts of

animals.

M. Guyton Morveau has shewn that the

hides of oxen form a very good colouring

lixivium.

Brown affirms that ariimal flesh answ^ers the

same purpose.

Deli us, in 1778, mentions, that he found hair

to answer as an excellent substitute for the

dried blood ; and he published in the Annals of

Crel a paper, in which he states that horse

dung succeeded very well for the same purpose,

when the calcination was not pushed to too

great a length, in which case the undigested

fodder contained in the dung rapidly passed

into the state of a pure alkali. ?

From Baunach we learn, that in the manu-

factures of Prussian blue established in Suabia.,

TOL. lY, T
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they mix amon^ the animal matters the cut-

tings of leather found in the shops of leather-

sellersj sadlers, and shoemakers.

The fragments of leather found about tan-

neries, as weW as the skin and flesh which is

separated in dressing the hides may also be em-

ployed \Yith advantage ; but it is necessary to

wash these matters with particular care, to de-

prive them of any particles of lime with which

they may be impregnated.

Vegetable charcoal is sometimes also used in

the preparation of this blue, as well as turf and

coal soot, but these substances produce far in-

ferior effects to those essentially animal.

2. According to the process published by

Dr. Woodward in 1724, the alkali is prepared

by the deflagration of equal parts of tartar and

saltpetre. At present potash is universally

employed.

3. Before this process had attained its pre-

sent degree of perfection, the first step con-

sisted in reducing the animal matters to a

charry state, and afterwards calcining this car-

bonized matter with potash, in order to form

pnissiate of potash.

This method is still followed in many ma-
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nufactories, where the animal charcoal and pot-

ash are mixed in very different proportions^, ac-

cording to the nature of the materials em-

ployed.

Baunach has seen this mixture formed^ of

10 lbs. of carbon, and 30 of alkali ; but Weber

relates that in some houses in Germany it is

composed of 100 lbs. of potash and 75 of

charcoal.

In other manufactures thev distil the animal

matters in iron cucurbits, in order to preserve

the oil which is afterv/ards extracted ; in this

way they obtain oil, carbonate of ammonia,

and charcoal; this last product is employed in

the formation of Prussian blue, while the car-

bonate ofammoiiia forms the basis of a manu-

facture of ammonia, according to the method

we have already described.

I have myself inspected some works in which

blood and potash were mingled in equal

proportions, and calcined in iron caldrons ; I

am even certain that the potash might be su-

perseded with advantage by tartar^, at least

in respect to economy.

4. The employment of the sulphate of alu-

t3

'^,.
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mine^ and the sulphate of iron in Ihc forma-

tion of Prussian blue is very general.

^he alumine which in this case attaches it-

self to the prussiate of iron, renders its colour

more delicate, and imparts to it the necessary

dei>Tee of consistence in order to form a dry

paste, which can be moistened at pleasure.

13ut these two sulphates are not always used

in the same proportions. From Weber we

learn that in Germany they employ six parts

of alum to one of sulphate of iron. Baunach

informs us that he has seen four parts of alum

used to one and a half of sulphate of iron;

and chemical writers in general recommend

eight parts of alum and six parts of copperas.

From these facts it is obvious that the pro-

portions are not uniformly the same, but vary

according to the views of the manufacturer,

and as he mav wish to obtain a more or less

deep blue. Thus, for example, when the blue

is intended to be very bright, the proportion of

the alum is augmented, and on the contrary di-

minishedy when extremely full deep blue is the

object.

5. In some manufactures, after having preci-

pitated the iron and alumine by the prussiate
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of alkali^ a small portion of muriatic acid ii,

poured on this precipitate to heighten the

colour.

This acid not only concurs to render the co-

lour more vivid, but to enable a greater por-

tion of the prussic acid to act on the iron^, by

its tendency to separate from it the potash of

the prussiate. It is attended with the further

advantage of dissolving a small portion of the

yellow oxyd which is precipitated from the

iron without having entered into combination

with the prussic acid.

From these general principles any one might

be enabled to perform all the operations con-

cerned in the formation of Prussian bluc^ but

in order to render their execulion still more

easy, we shall proceed to describe the process

followed in the manufacture of this article in

Germany.

They calcine in iron caldrons, or distil in

large iron cylinders, the horns, skin, and other

animal matters, until they are reduced to a car^

l)onaceous matter.

One hundred pounds of potash is then put

into an iron caldron, and exposed to a very

brisk fire until the potash be melted, when
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4^3 lbs. of the animal carbon reduced to powder

is poured into it, and the mixture well stirred

and melted ; at the termination of half an

hour another 25 lbs, of carbon is added ; and

a similar quantity at the end of the next half

hour.

When in this waj the mixture is completed,

thej keep up the same decree of heat during

several hours^ constantly stirring the paste with

an iron spatula.

During this process a reddish white flame

appears on the surface, which gradually dimi-^

niahes, and is succeeded by a feeble blue flame,

a circumstance which indicates the propriety

of terminating the calcination. During the

whole of this operation the strength of the fire

ought to be such as to preserve the matters at

a red heat.

This substance while still red hot, is remoV'

ed from the caldron, and extinguished by

plunging it into a copper full of boiling water.

The hrst water is then decanted off", and the

residuum transferred into a caldron, where it

is boiled during half an hour wifh a fresh sup-

ply of water. The lixivia are then filtered

through thick flannel or linen cloths.
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This solution is termed the colouring lixi-

vi/wi, phlogistic alkali, or the solution of the

prussiate of potash.

Two hundred pounds of alum and copperas

are next dissolved in a sufficient quantity of

water ; the proportion of these two salts being

varied, as has been already mentioned, accord-

ing to the sliade of colour intended to be pro-

duced ; and this solution is poured into the

colouring lixivium through a cloth that serves

the purpose of a filter.

From the mixture of these two solutions

the blue deposition is quickly formed, after

which the liquor is decanted oif, and the pre-

cipitate washed in boiling water with the view

of freeing it from all the salts not necessary ia

the composition of prussian blue.

The precipitate is then put into a cloth to

drip, after which it is subjected to the opera-

tion of pressing, and dried in the shade or in a

warm room to preserve its colour.

It is sometimes also washed with the muri-

atic acid.

The prussian blue is in general of a vivid

rich colour. That which is light and not of a

glossy fracture is esteemed the most valuable.
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I procured from an ounce of Prussian blue

distillation

:

Ammonia - 1 dram 60 grains.»'

Hydro2;en ffas with i/-* • i
-^ ly n lO'i inches,
a blue liame

Oxjd of iron 1 dram 30 grains.

Alumina - 2 drams 54 grains.

And a small portion of water.

In this operation the acid is decomposed by

the action of the heat^ and two of its constitu-

ent principles produce ammonia^ while the

other escapes in the state of hydrogen gas.

In order to form prussiate of lime, with

which a test liquid is prepared, with the view

pf detecting any particles of iron present in a

liquid, it is sufficient to wash two ounces of

finely pulverized Prussian blue in boiling wa-

ter ; and pour into it two pints of lime water,

boiling them together for a few seconds ; after

which the liquor is filtered and set apart for

use. It is of a yellow colour, and its specific

gravity only amounts to 1,005.

The prussiate of alkali is less certain, and
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less rapid in its effects than that of lime. It

besides contains a portion of oxyd of iroB

which is almost inseparable from it, and which

necessarily produces a variation in the results ;

it is less sensible, and |iot so easily decom-

posed as the piussiate of lime, on which ac-

count this last deserves a preference in all ope-

rations requiring great delipacy.
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CHAPTER XVIII.

Of the Combinations of the Gallic Acid.

THE gallic, like the prussic acid, does not

possess a very mavkrd acetous character; they

are easily decomposed ; but their combinations

with certain bases, especially with iron, be-

sides possessing properties which render them

extremely valuable, oppose a greater resistance

to destructive agents than the acids themselves.

SECTION" I.

Of the Comhinationfi of the Gallic Acid with

Iron.

This combination termed gallatc of iron, en-

ters into the composition of ink, as well as

into that of most of the black colours employed

in dyeing.

Hence it is evident, that the gallate of iron
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is one of the most useful and most extensively

employed salts with which we are acquainted.

We shall only here treat of it as connected

with the making of ink, as that which regards

dyeing will find a place in the chapter appro-

priated to this subject.

The properties of good writing ink are the

following

:

1. A very black colour.

2. Flowing readily and uniformly under the

pen.

3. Not penetrating into the substance of the

paper.

4. Drying with rapidity.

5. Not acquiring a yellow hue on exposure

to the air.

6. Not being effaced nor diffused by friction.

It is only by a complete knowledge of all

the substances which enter into the composi'

tion of ink, that we are enabled to employ

those means calculated to unite all the most

desirable properties, and to discover the cause

of those defects which are frequently found in

this composition.

Among the ingredients which are employed

in the preparation of ink, some are absolutely
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essential;, wliile others arc used merely as ao
cfssories, with the view of imparting to it some

property or meliorating its qualitj'.

In the first class may be ranked gall-nuts

and copperas, since on these substances its

black colour wholly depends.

In the second may be placed gum, log-

wood, sulphate of copper, alum, and sugar.

The excipicnt of the gallate of iron, which

forms the essential base of ink is water, to

which is sometimes added beer, wine, vinegar,

or ardent spirits.

From the labours of Messrs. Lewis, Neu-

mann, Monnet, Guyton, Scheele, Deyeux,

Berthollet, Proust, and others, we have ac-

quired a suthciently precise knowledge of gall-

nuts, to enable us to conceive the nature of the

action they exert upon iron, and to assign to

its proper cause the superiority of this sub-

stance over every other that has been substi-

tuted in its stead.

Gall-nuts are a vegetable excrescence, wliich

owe their formation to the evolution of the

larvse of insects, and which consequently pos-

sess some characters approaching to those oj

animal productions.



APPLIED TO THE ARTS. 283

They cUiier very essentially from astringent

vegetables, such as tan, sbuinach, &c. in con-

taining the gallic acid completely evolved,

which M. BertlioUet could not detect in these

other astringent substances.

Gall-nuts are then possessed of tv^'O very dis-

tinct principles ; tannin or the astringent

principle, and the gallic acid.

The first of these principles is common to

all astringent vegetables ; the second would

appear to be peculiar to themselves.

These two principles mav be separated bv a

very simple process, which we owe to the la-

bours of M. Proust. It appears to me indis-

pensible to relate it in this place, though it

has been already mentioned under the article

gallic acid.

The process in question consists in ^precipi-

tating the solution of gall-nuts, by a solistion

of tin in the nitro-muriiitic acid, produced by

the mixture of one part of muriatic acid with

two parts of nitric acid. It forms an abundant

yellow cream, which swims on the surface of a

pale yellow liquor. It is carefully filtered, and

the precipitate washed, which remains on the

jfilter.
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The liquor contains the gallic acid mixed

with the muriatic acid, and muriate of tin.

The precipitate is composed of a mixture of

tannin and tin.

The tin is precipitated from the solution in

tlie form of a sulphuret, by the sulphuretted

hydrogen gas ; and the gallic acid is afterwards

obtained in crystals by evaporating the liquor.

By difTusing in water the oxyd of tin com-

bined with tannin, the sulphuretted hydrogen

gas seizes on the tin, and the tannin being thus

disengaged is dissolved in the water.

By filtration and evaporation an extract is

formed, consisting of pure tannin, which may

be preserved by dissolving it in alcohol.

Tannin precipitates iron of a blue colour.

The gallic acid precipitates iron of a black

colour, when it is highly oxydated in the so-

lution ; or when its action upon the oxyd of

iron is assisted by weakening that of the sul-

phuric acid, by the addition of water or al-

kalis.

M. Proust is of opinion, that the iron is

only precipitated of a black colour when at its

maximum of oxydation, and he founds his opi-

nion on the following principles :
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1. That the infusion of p;all-nuts does not

precipitate the iron of a black colour from the

gTeeii sulphate.

2. That the precipitate becQiues bhick by

absorbing oxygen from the air.

3. That the iron of the red sulphate is al-

Wciys precipitated of a black colour.

M. Berthollet diiTers in opinion from this

celebrated chemist,, and asserts, that whenever

the iron is not precipitated of a black colour,

it proceeds from the gallic acid not having ex-

ercised a suiHcientij powerful action on the

iron to liberate a sufficient (juantity of sul-

phuric acid ; but, that on weakening the affi-

nity of this last acid, by adding to the solu-

tion of the sulphate a litllc water, or a small

portion of alkali, the black hue immediatelv

appears. He supports this opinion by several

direct facts, wdiich prove that the gallic acid,

when boiled on iron in closs vessels, or digest-

ed with it cold, produces a black gailate, in

every respect similar to the precipitate of iron,

from the acetate of this metal by the gallic

acid.

From all these facts M. Berthollet concludes
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that it is not necessary to the production of d

black colour in the precipitate^ that the iron

should have attained its maximum of oxyda-

tion. He does not however deny that highly

oxydated iron may produce a deeper blacky

and he attributes to the gallic acid the pro-

perty of partly de-oxydizing the metalj and

reducing it to the state of an cthiops.

This assertion assumes the appearance of

truth, when it is recollected that gold and sil-

ver are precipitated in a metallic state by thd

gallic acid.

Tannin cannot be regarded as wholly useless

in the composition of ink, since it forms with

the iron a blue precipitate.

We owe to the labours of the chemical class

of the Academy of Sciences at Paris^ a very

accurate comparative statement of the effects cf

the most common astringents with the sulphate

of iron.

These experiments^ which were made in

\792i prove

;

1. That in equal weights of gall-nuts and

oak bark the former contains at least forty

times more of the astringent principle than

the latter.
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2. That the precipitate oblained from gall-

nuts is of a deep violet colour, while that

from oak bark is of a dark brown, and that the

first resists much longer than the second^ the

action of acids.

3. That it requires SOO pounds of oak-bark

to produce the same effect as 20 pounds of

Aleppo galls.

4. That oak saw-dust is preferable to the

bark.

5. That gall-nuts, in common with all the

other astringents, poss-^ss the advantage of be-

ing almost wholly soluble in water; the resi-

duum, amounting only to one-eighteenth, after

long continued ebullition.

Though it appears proved from the experi-

ments of the chemists already mentioned, that

in dying wool, the place of the gall-nuts may

be supplied by a greater or less quantity of

aome other astringent, yet it is equally true,

that no substance we are acquainted with, can

act as a substitute for them in dying thread

and cotton, nor in the preparation of ink.

Ib order to convey a more clear idea respect-

ing the action of gall-nuts on iron, I shall

VOL. IV. V
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relate the following experiments made by my-

self.

1. If we pour a single drop of the decoc-

tion of gall-nuts on an iron plate, it instantly

blackens round the borders ; and the whole

spot gradually acquires a full shining black

colour. In proportion to the evaporation of

the liquor the spot becomes wrinkled at the

surface, and finally falls down into a black

powder.

2. If a decoction of oak, or any other as-

tringent, be employed inst ad of that of gall-

nuts the colour will be much less black.

3. If the iron, thus coloured, be plunged

into water, the spots produced by the gall-nuts

will become quickly covered, with bubbles,

which burst at the surface, and which Priest-

ley, long ago, ascertained to be hydrogen gas.

The iron coloured by other astringents, pre-

cipitates a yellow powder, without the appear-

ance of a single gazeous bubble.

4. If a decoction of gall-nuts be poured on

filings of iron, and covered, the liquor be-

comes gradually coloured, the iron blackens,

and we obtain in the course of a few days Jt

very black inkv
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Any other astringent decoction, treated in

the same manner, is not sensibly coloured.

Here we have an additional proof of the

agency of the air upon oxydation, when act-

ing in conjunction with an acid ; for, if the

iron be only moistened by the decoction, a

very good black colour is produced in the

course of a few hours ; but on the contrary, if

it be perfectly covered with the liquid, several

days are required to produce the same effect.

5. When the action of the decoction of galls

is assisted by heat, carbonic acid gas, and hy-

drogen gas is evolved ; but I have uniformly

found, that the carbonic acid exceeded the

other. There remained in the curcurbit only

black iron mingled with charcoal highly pyro-

metrical. In this case the acid is decomposed.

It follows from these experiments, that the

decoctions of astringent vegetables act u[ on

iron in the same manner as acids. They even

oxydize it to such a degree, that it passes into

the state of an etliiops.

It appears further, that the carbon is liber-

ated by the action of oxygen upon astringent

decoctions.

In order to form a correct conception of this

u2
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last phenomenonj it is proper to mentioa that,

indigo excepted, gall-nuts of all other vege-

table substances furnish the greatest portion

of carbon, so that when oxygen is brought

into contact with the decoction, it forms wa-

ter with the hydrogen, and the carbonate is

mostly set free. Hence it is evident, why all

the decoctions, and the most extracts of astrin-

gent vegetables, blacken in contact with the

air, and why the compositions for dying black

improve by keeping, and exposure to the at-

mosphere.

From what has been said, it must be evident,

that gail-nuts should be preferred, to all other

astringents, in the formation of ink.

But all the galls of the shops cannot be in-

discriminately employed, with equal success,

for this purpose ; the wliite light gall-nuts of

Spain and the south of France, are of a very

inferior quality, as well as the thorny gall-nuts.

The preference ought therefore to be given to

the very heavy black galls, or at least to a

mixture of black and white galls, known in

commerce under the name of sorted galls.

The same care ought to be taken in our

choice of the combinations of iron. The sul-
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phates and muriates are decomposed with

greater difficulty by the gallic acid than the

acetates. The latter ought therefore to be pre-

ferred ; but as this last salt is never in a crys-

tallized state, which renders it difficult to de-

termine the proper proportion ; and as besides

it has not hitherto formed an article of com-

merce, the sulphate is at present generally em-

ployed.

As, however, the sulphate of iron does not

yield a black precipitate with the gallic acid*

and as some time must elapse before it acquires

that colour, M. Proust was hence induced to

propose as a substitute for it the red sulphate,

in which the iron has attained its maximum of

oxydation, and from which a beautiful black

precipitate is obtained.

I have myself succeeded in imparting to the

green sulphate at a small expence, and in a

short time, all the properties of the red sul-

phate ; for this purpose it is only necessarj' to

calcine it to redness, and afterwards separate

from it, by water, all that portion which re^

mains soluble.

The solution carefully filtered, produces

Very superior effects to those of the tureen
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sulphate^ either with the gallic or the prussic

acid.

A solution of the sulphate thus prepared,

lost a great portion of red oxyd which re-

maiueU on the filter, when the solution was

passed through it. If we routine ourselves,

however, merely to deprive the sulphate of the

water of cr^stallizatiou, and jmt a stop to the

calcination, on its assuming a white colour,

this preparation produces very little etfect.

The solution in water of the sulphate, cal-

cined to redness, is acid ; it reddens blue pa-

per, while the green sulphate produces on

it not the least change ; and if we even impart

to this last the slig'itest acidity, it produces a

worse efi'ect than before.

Equal parts of the solutioil of calcined and

green sulphates, of the same degree of concen-

tration, and nsixed separately with equal parts

of ihe decoction of gall-nuts, produce very

diffe,v,nt effects.

The cakined sulphate gives a beautiful black

colour.

The jireen pioduces one a dirii violet.

Ihe first colours white paper black.

The second leaves upon it only a brown stain.
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A few drops of the solution of the calcined

sulphate scattered over ur.sized paperj run ii:to

spots, which are uniformly black over their

whole surface, ^Yhile the solution of the green

sulphate diimsed over paper in the same

manner, exhibits three diftereiit shades of co-

lour, that of the centre which is black, that of

the middle which is grey, and that of the edges

which is nearly colourless.

The solution of calcined sulphate precipi-

tates the alkaline and earthy prussiates of a

line blue colour ; while that of the green sul-

phate forms with them a greenish blue precipi-

tate, extremely disagreeable to the eye.

Potash, and the carbonate of potash, preci-

pitate the iron from the calcined sulphate, in

the form of a black oxyd ; and that from the

green sulphate in the form of a whitish grey

oxyd, which becomes darker on exposure to

the atmosphere.

Soda produces in these two sulphates less

evident dilferences.

The results of these experiments ought not

only .to direct the makers of ink but likewise

dyers, in regard to the composition of Prus-

sian blue.
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The proportions between the gall-nuts and

the sulphate will powerfully influence the re-

sults. This truth is well known to all those

who are engaged in such labours, though they

greatly vary among themselves in respect to the

proportions they conceive to be most proper

;

from 6 parts of galls to equal parts of the two

principles that have been recommended ; hence

we see how difficult it must be to prescribe in-

variable proportions ; they must indeed be dif-

ferent according to the species of the gall-nuts,

the strength and age of the decoction, the nar-

ture of the copperas, and the quantity of wa-

ter employed.

From experience we may form a very accu-

rate estimate of the proper proportions by al-

ways using the materials of the same quality

;

but it is difficult otherwise to form a general

standard that will uniformly produce the same

results.

W hen the galls predominate in the compo-

sition of ii.k, the colour though durable is

brown, and the fluid very soon becomes mouldy.

if, on the contrary, the iron be in excess, the

ink is at'fiist more blue, but becomes yellowisfe

in time, and tpteads upon the paper.
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The first defec t may be corrected by allow-

ing the filings of iron to remain in the ink, or

by adding to it a solution of copperas. The-

best remedy for the second is mixing the ink

with a fiesh solution of gall-nuts, or according

to Mr. Blagden with the alkaline prussiates.

Lewis is of opinion that the best proportions

between Aleppo galls and the copperas, is that

of three to one.

M. Ribancourt employs them in the relation

of two to one ; but as it is well known that an

excess of galls is not so prejudicial as that of

iron, since the first renders the ink durable and

indecomposable on paper, and that it gradu-

ally^ blackens more and more by keeping;

while that an over proportion of the second

renders it yellow and rusty ; it is much better

to exceed in the quantity of galls than in that

of iron.

But however carefully these operations have

been performed, they only produce a black li-^

quor, very proper for dyers, but Vvholly insuf-

ficient to produce ink possessing its usual pro^

perties ; this liquor when laid on paper pene-

trates its texture, flows too readily from the

pen^ and does not possess a sufficient body.
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The greatest part of these inconveniences

may be obviated by the addition of gum ; this

substance dissolved and diifuscd among ink,

imparts to it consistency^ prevents its spread-

ii'g upon the paper, or sinking into it, renders

it drying and glossy, and prevents the too ra-

pid action of the acids or water, while at the

same time it equally protects the iron from

oxydation.

Gum arabic is usually mixed with ink, as the

gum tragacanth renders it too consistent.

When the proportion of gum is too great it

renders the ink thick and prevents it flowing

freely i*rom the pen ; but if on the contrary

the quantity be too small, the ink possesses the

opposite inconveniences ; it sinks into the

paper, flows from the pen like water, and in

short has all those faults which we mentioned

as belonging to the dyer's liquor.

In order to ascertain with more precision,

tlje effect produced by the employment of va-

rious prr portions of the red sulphate with gall-

nuts and an infusion of gum-arabic, I prepared

a solution of the sulphate at 10 degrees ot\con-

centi-ation, a decoction of gaii-nuts at 3, and

of the infusion at 15 degrees.
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I combined these thrre substances in all

possible proportions^ and afiervvards tried the

product of each mixtjire;, not only by writing',

but by dipping- ribbons of paper into them,

which were leu to dry, in order that I might be

thus enabled to compare and study the changes

produced on them by air and water.

From these experiments^ conducted with the

greatest care during four months, I was en-

abled to deduce the following results :

Composition or Mixture,

I.

The three solutions mixed in ^

equal parts or in equal bulks.

Results.

f- Composition blueish, black-

ening by keeping, and form-

ing in time a good ink, without

however, becoming perfectly

black.

The wriling executed with

this ink does not become so

v-black as that kept in the bottles.

II.

Two parts of the solution of

iron.

r
Ink violet losing its colour on

paper.

Acquires little additional

One part decoction of galls. > blackness in the bottles.

One part mucilage of gum
arable.

Paper dipped into this ink

assumes a dark grey colour.
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Composition or Mixture.

III.

Four parts solution of iron.

One decoction of galls.

One mucilapjc.

IV.

One part solution of iron.

Two decoction of galls.

Two mucilage.

V.

One part solution of iron.

Three decoction ofgalls.

"J'bree mucilage.

VI. •

One part solution of iron.

Six decoction of galls.

Six mucilage.

VII.

Oni3 part solution of iron.

One decoction of gails.

Two mucilage.

<

Results.

!Ink violet.

Losing part of its colour on

paper, and changing to a grey-

ish yellow,

! Blackening in the bottles,

j" Of a beautiful violet blue.

Preserves its colour on paper.

Improves apd blackens in

the bottles.

Paper dipt in water preserves

l^the ink of a fine blue colour.

Blacker than any of the pre-

ceding numbers.

Blackens very much in the

bottles.

<( Changing little on exposure

to the air.

It preserves nearly the same

colour when the paper is dipt

into water.

Brownish black.

Paper dipt in it assumes a

' deep red black.

I
Blackens little in the air, and

\\ery little in the bottles.

r

<

Ink of a good quality, though

somewhat blueish.

Too thick.

Blackens on exposure to tlie

air, and in the bottles.

'(_ Very glossy.
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Composition or MixhiTe.

viir.

One part solution of iron.

Six decoction of galls.

Qne mucilage,

IX.

Four parts solution of iron.

Six decoction of galls.

Four mucilage.

<

Results.

Ink of a brownish blacl:.

Too thin.

Sinks into the paper.

Does not improve much iu

the bottles, nor on exposure to

^the air.

f Ink of a very dark blueish

black, fit for immediate use.

y Flowing well under the pen.

Improves in the bottles.

Blackens on paper.

From the results of these experiments may

be drawn many valuable practical deductions :

1. When the iron predominates the colour

changes to a violet, and when used in a verj

great proportion it fades and becomes grey.

In all cases wherein the iron exceeds, ia

however small a degree the proper propor-

tion, the colour preserves a deep blue.

2. When the galls predominate, the colour

is at first of a browish black, which in time

becomes a very deep black, displaying a slight

reddish tint.

3. Gum employed in equal parts or in a

greater proportion render the ink too thick,

while on the contrarv, if it be used in a le?*:
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proportion than that of one half in relation to

the galls, the ink is too thin, flows too readily

from the pen, and sinks into the texture of the

paper.

4. The proportions which appeared to me

to unite the greatest number of advantages,

were :

Four measures of the solution of calcined

sulj hate at 10 degrees of concentration.

Six of the decoction of sorted gall-nuts at

3 degrees.

Four of the mucilage of gum arabic at 15

degrees.

The combination of the oxyd of iron with

the astringent principle and the gallic acid,

communicates the colour to the ink ; the gum,

while it renders it glossj, also imparts to it the

body, or necessary degree of thickness.

Hence the union of these three substances in

proper proportions forms good ink; but ink-

makers have been in the habit of adding other

ingredients, the eflect of which it is of import-

ance to appreciate and ascertain.

The first of these we shall notice is logwood.

In order to ascertain its effect in the compo-

sitiou of ink, it is necessary to attend to the
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mode of its action on the iron, and afterwards

to the modifications it may produce in the

combinations of the three principles we have

mentioned above.

The decoction of logrwood attacks the iron

of the oxyd forming v»ith it a blueish com-

bination.

It precipitates the iron from the sulphate of

a light blueish black colour. This precipitate

remains a long time suspended in the liquor.

If we boil a mixture of logwood and gall-

nuis, it always appeared to me that in order

to attain the same result, it was necessary to

employ a much greater proportion of the de-

coction.

Logwood, according to my experiments,

contributes nothing towards the colour ; but I

have always observed, that the ink into the

composition of which it enters, is of a some-

what stronger body, that the tint is more mel-

low, and the writing more distinct and per-

spicuous.

Hence I should suppose, that logwood by

maintaining the precipitate in a state of suspen-

sion, renders by this means, the ink more

mellow and flowing, and enables us to apply
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it more equally, and with greater facility to

the paper.

The best proportion between the logwood

and galls is that of one to two.

The sulphate of copper is another ingre-

dient which is always employed in the making

of ink.

My experiments on this subject prove, 1.

That the sulphate of copper employed in a

twelfth or twentieth part by the weight of the

galls, produces a good effect.

By this addition the violet-blue colour of

recent ink disappears more quickly, and its

impression on the paper is more permanent.

2. That if this sulphate be used in a greater

proportion than a tenth, by weight of the galls

it will partly destroy the colour, and cause the

ink at length to contract a disagreeable pale

greyish tint.

3. That this injurious effect of the sulphate

of copper is in proportion to the greater quan-

tity ofthe sulphate of iron.

The sulphate of copper may then be em-

ployed with advantage in the proportion of

one fifteenth, by weight, of the galls.

Sugar is another material sometimes em-
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ployed 111 the composition of ink, and to it is

attributed the property of rendering it more

glossy. My experiments;, however, have not

enabled me to perceive any advantages from

the use of this article, which T am of opinion^

should be wholly rejected.

Water, wine, beer, and vinegar, are the four

liquids usually employed as a vehicle or men-

struum to the constituent principles of ink.

Prejudice rather than an accurate investiga-

tion of the effects and properties of each of

these solvents, has, I am convinced, been the

cause of the preference given to one or other

of them.

Some comparative trials which I instituted

between these menstrua did not exhibit very

great differences, and if any were observable^

they were all in favour of the water.

Beer appeared to me the worst vehicle of

the whole, as it evidently favoured the natural

tendency of the ink to become mouldy.

Vinegar seemed only useful for correcting

ink which had acquired a yellow colour, or

when the iron was in too great a proportion.

From all that has been said we may there-

hve conclude, that in order to compose good

VOL, IV, X
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iiik^ two parts of sorted gall-nuts previously

pounded, must be added to a third part of log-

wood in chips.

These two substances must be boiled in

twenty- five times their weight of water, and

the ebullition supported during two hours.

If the evaporation be too powerful, a little

water must be added in order to support the

ebullition.

This decoction will usually be found of from

three to three and a half degrees of con-

centration.

The gum arabic well pounded must then be

dissolved in tepid water until it be saturated.

This mucilage will mark from 14 to 15 degrees.

At the same time must be prepared a solu-

tion of calcined sulphate concentrated to 10

degrees, and in which is dissolved sulphate of

copper in the proportion of one fifteenth^ by

weight of the galls employed.

These preliminary operations being com-

pleted, the next step of the process is to mingle

six measures of the decoction of gall-nuts and

logwood with four measures of mucilage.

Into this tepid mixture must be gradually

poiued three or four measures of the solutio&
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6f the calcined sulphate ; taking care to stir

the liquor during the whole time.

This process has the advantage of producing

good ink free from any sediment.

From some experiments, instituted with a

view to discover the precise quantity of matter

really contained in each of the three solutions

which concur in the formation of this ink, I

found them to be in the following proportions

:

Dissolved gum 500 parts.

Dissolved galls 462

Oxydofiron 481

If we find on trial, that this ink is either too

thick or too watery, these defects may readily

be corrected by the addition of a portion of

water or mucilage according to circumstances.

When the colour is too much inclined to

blue, we may deepen it by pouring in a small

portion of the decoction of galls.

If, on the contrary, it has a greyish or red-

dish tiilge, the addition of a little of the solu-

tion of iron will correct these imperfections.

The colour of inks injured by keeping, may

be restored by a decoction of gall-nut«, accord-

%2
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ing to Lewis ; and by the prussiatc of potasli^

according to Blagden.

Since it was discovered that the oxy-muriatic

acid possessed the property of dissolving ink,

and discharging it from paper without injur-

ing its texture, or acting on the new writing,

the secret has been abused for the purpose of

defacing writings and substituting others in

their stead, by leaving the original signatures

untouched.

These frauds have rendered the government

anxious that some composition could be dis-

covered to replace the common ink, which

would not be liable to this disadvantage.

Having been occupied for some time with

respect to this object, I am inclined to believe

that the purpose in question will be best an-

swered by dissolving isinglass in water until

the liquid acquires the thickness of common

ink, after which lamp-black and a small por-

tion of muriate of soda must be carefully le\i-

gated on a marble slab along with the solu-

tion, adding a sufficient quantity of the black

powder to impart to it a good colour.

This composition has been found to answer

very well in practice ; it resists the action of

cold and boiling water, as well as that of alka-
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Ties, acids^ and alcohol. It is only attended

with the inconvenience of being injured by

friction.

We may also employ China ink with the

same intention ; or may even mix these com-

positions with common ink, as in that case the

muriatic acid does not wholly destroy the

colour.

There is a preparation known in commerce

under the name of China ink, which is usually

composed of lamp black reduced into a paste

by gums or mucilages, and afterwards formed

into tablets. But it appears that the genuine

China ink is an inspissated substance or glue

prepared from the cuttle fish : Sepia piscis est,

qui Jiabet succinn nigerrinuun, inlstar atra-

vienti, quern Chinenses cum hrodio Orizce vel al-

ierius legiiminis inspissant, et in nniversum or-

hem transmittunt, sub nomine airamenti Chi-

nensis.

In warm countries, such as Italy and the

South of France, they employ Xhe. liquor of the

cuttle-fish for tlie same purposes, and with the

same success as the best China ink,
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CHAPTER XIX.

Of the Combinations of the Carbonic AcicL

THE carbonic acid combines with the

metals, alkalies, and some earths, and can forni

salts perfectly saturated, as M. Berthollet has

demonstrated.

The two principal combinations of this acid

are those with lime and w ith lead.

At present we shall not speak of the first of

these combinations, as it has been already no-

ticed when treating of the carbonate of lime

or limestone, which we have considered in its

relation to the arts. We shall now therefore

treat of the carbonates of lead.

SECTION I.

Of the Comhinations of the Carbonic Acid ivith

Lead.

The carbonate of lead, termed also ceruse^

white lead, &c. is produced by the combina-

tion of lead with carbonic acid.
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These denominations are employed to ex-

press a white salt which is obtained by the

oxydation of the metals, by means of the acetic

acid, and by its solution in the carbonic acid.

This salt is sometimes mixed with chalk, and

this is what forms ceruse.

White lead has been demonstrated to be a

carbonate by M. Bergmann.

The average of the analysis performed by

Messrs. Bergmann, Chcnevix, Klaproth, and

Proust has established the following propor-

tions between the two constituents.

15,87 acid.

84,13 oxyd.

This salt is not manufactured in any very

considerable quantity in France ; but there are

three or four works of this kind in Belgium;

the British and Dutch however monopolise

the sale of this article.

I shall therefore describe the process employ-

ed in its preparation in these two countries, and

conclude by offering a few observations on

this subject.

In Holland and in England;, particularly in
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Yorkshire, they melt the lead by means of a

very gentle heat^ and pour it into iron moulds

2 feet in height by 4 or 6 inches in width ; in

some houses they cool the lead by dipping it in

water, while in others this is not practised
;

they only take care that it be not poured into

the moulds too hot, as in that state it is apt to

adhere to their surface. In proportion as the

lead diminishes in the caldron they put into it

a fresh supply.

The leaden plates are of different degrees of

thickness; seldom exceeding one half line, or

at most one line.

The pots intended to receive these plates

are from 7 to 8 inches in height, and from 2 to

3 inches in diameter ; they are composed of

earth varnished within and widest at the top.

At one third of their height are three project-

ing points in the inside, intended to support

the leaden plates.

The apartment in which the operation is

performed, is a kind of hall, frequently open to-

wards one of its sides, in which they form differ-

ent compartments by means of pillars, which

support strong platforms, intended to contair^

the beds in which the pots are placed.
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Upon a bed formed in each compartment

with straw, which has served as litter, and

which is raised to about the height of three

feet, and well trodden down, they dispose a

range of pots as near to each other as possible,

without stuffing the empty spaces with the

dung. The pots are then filled with vinegar

to the height of about two inches, so as to

reach the projecting points alreadv mention-

ed ; after which a very thin plate of lead is in-

troduced into each of them, roiled up in a spi-

ral form, and supported on these projections.

The pots are afterwards covered with plates of

lead somewhat thicker than the former.

Upon this first stratum of dung they raise

a second, of about one foot in thickness which

is also trodden down with care in order to ren-

der it more compact; other pots are likewise

arranged on this bed, and from five to seven

beds are raised in the same manner, their sides

and tops being covered so that each range of-

pots is surrounded with one foot of dung.

The beds are of such a size that each can

feceive six or eight hundred pots.

They are always placed against the pillars
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of the wooden platforms in order to support

tlie bed in proportion as it is raised, and

the same precaution is used in demolishing

them.

When the fermentation appears to languish,

tbe beds are watered with the urine of horses,

and the openings into the apartment closed up.

The pots are left in the beds during one

month or six weeks.

At first the mass swells up from the great

€:xtrication of air ; the fermentation in a short

time however, is moderated, and remains sta-

tionary ; the average heat of the mass is 40

degrees of Rheamur.

After taking the beds to pieces the plates

are transferred to solid tables, where the white

stratum formed on the surfaces of the lead is

detached by striking them above with a ham-

mer ; care being taken to moisten the plates

with water, in order that the oxyd may not be

laised in powder.

The leaden plates with which the pots were

covered, exhibit a more hard and compact

(crust; they are set apart in order to form

'ivliite lead, properly so called.
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Tlie white substance from which the ceruse

is to be formed, is put into a large wooden

cistern with water, from which it is again

taken in order to be ground by millstones,

which do not differ from corn-millstones but

in their size, which is smaller.

In some manufactures in Holland, three

mills are placed one above another, in such a

%vay that, in proportion as the ceruse has been

ground in the first, it falls into the second,

and from the second into the third, whence it

passes into a receiving tub.

These millstones work three weeks succes-

sively, more or less, without stopping; and

they may grind daily 15 cwts, of ceruse.

It is in this operation of grinding, that there

is added the proportion of chalk necessary to

form ceruse. This is added in the proportion

of from a fifth to a half of the weight of the

pxyd.

White lead receives no mixture ; it become^

an article of commerce in the form of small

scales, and on that account is called idiitc

scales.

It is also called zvhite lead in scales, when,

after being ground, it is formed into sipaU
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white loaveS;, of which the fracture is scaly and

shining.

The mill-stones used in Holland are oflava;

they run in grooves to facilitate their motion,

and prevent over-heating.

The matter thus ground is put into unglazed

earthen pots, of a conical form, and four inches

in depth. These are placed upon planks, re-

gularly ranged one above another, in a long

and narrow building. The light is admitted

into the drying room by a number of windows,

which may be shut at will by shutters moving

on hinges, which close in from below to the

top, in order to preserve the ceruse from the

sun, and from too much moisture.

After remaining five or six weeks in the

potg, the ceruse detaches itself from their sides,

and the loaves are replaced upon the same

planks, to finish the process of drying. It only

then remains to take off the slime adhering to

each loaf, with a knife.

The loaves are then wrapped up in paper,

which is tied with packthread, and put into

casks, to be conveyed all over Europe.

It has been attempted to substitute the heat

pf a furnace for that of dung ; and already, in
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the north of Europe, a number of manufac-

tories have been established, which are con-

ducted upon this plan. But I have observed,

in the experiments which I have made on this

subject, that a dry heat is less advantageous

than one which is moist; and, that in all cases,

it is necessary to condense the vapour by op-

posing its evaporation, in order to give it the

necessary activity.

The heat of furnaces has this advantage over

that of dunghills, namely, that it produces no

exhalation which can alter the colour of the

oxyd ; an advantage the more valuable, since

we know with what facility sulphureous va-

pours, and hydrogen sulphuretted gas, blacken

the oxyds of lead.*

White lead may be formed by another pro-

cess, which I have practised on a large sc^le

for several years. For this purpose there are

dissolved in cold water 100 parts of muriate of

soda, in the proportion of four parts of water

to one of the salt; the solution marks from 15

* It is above all to the exhalations of sulphuretted hydro-

gen gas, inseparable from the decomposition of dunghills,

that we ought to ascribe the discolonring of white lead, in

all those points which are exposed to it.
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to 20 degrees : there are mixed and kneaded

\^ ith it 400 parts of pounded litharge^ which

forms a soft paste that is left for some time in at

state of repose ; the mixture is then shaken

almost incessantly, and the remainder of the

solution of muriate is added in proportion as

it thickens, and for want of that some pure

Water.

The mixture whitens, swells up, and the

litharge disappears ; at the end of 24 hours,

boiling water is poured upon it, to extract the

soda ; and it is then made to evaporate, in or-

der to obtain the alkali.

The muriate of lead which is formed, as-

sumes a beautiful yellow colour by calcination

and melting; it forms a colour very Yaluable

in the arts.

If a little sulphuric acid, very much diluted,

is poured upon this muriate, the sulphate

which is formed assumes in a moment the co-

lour of a very agreeable white, and becomes of

extreme fineness. It may then be washed in

water, pounded in order to give it more fine-

ness and consistency, and moulded in pots foi*

the purpose of forming leaves similar to those'

of ceruse.
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This sulphate of lead is very white ; it does

not become yellow when mixed with the oils ;

but it has the inconvenience of being too lights

and of not being applied well with the brush.

This sulphate may be decomposed with pot-

ash and soda; there is thus obtained a white

oxyd, pure and very lieavy^ which differs little

from the best white lead of the shops.

There is also known in commerce a white

lead, which is called white of silver, or white

of Kremnitz. The analysis of it has proved

that it is a very pure carbonate of lead ; and I

am induced to believe that it is formed of scales

selected from the plates, which serve as a cover

to the pots; at least, a comparison of it by

the eye, the employment and analysis of it

give weight to this opinion.

The white oxyd of lead unites in itself those

properties which hitherto have made it serve as

an excipient for most colours ; and it is still

almost the only preparation in use for commu-

nicating a white colour to the wood and the

furniture of our apartments. 1st. It mixes

easily with oil ; 2d. it preserves its colour when

thus united ; 3d. it easily spreads under the

brush ; 4th. it adheres accurately to any sur-
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face to which it is applied, and covers it cora^

pletely and uniforml}' ; and 5th. it undergoes

no change^ either by the action of air or water.

In consequence of these properties^ the white

oxyd may be employed, either alone, as a co-

louring principle, or mixed with other colours,

in order to serve as their excipient or basis,

and to give them a body.

To the white lead there is almost always

added a little lamp-black, to give it that grey

tint M'hich is more agreeable to the eye. By
varying- the proportions, the tints are also va-

ried, and there is formed every kind of grey

which may be wished for. Crystallised verdi-

grise is also sometimes added to white lead,

and imparts to it a blueish tint which is very

agreeable.

When the works to be painted are in the in-

terior of houses, and therefore sheltered from

rain, instead of oil, a solution of gum or glue

is sometimes used. This solution is mixed with

white lead to a proper degree of consistence,

and applied by the brush.

It dries sooner, and does not give out such

pernicious exhalations as the other ; but it

scales oft* more easily, penetrates and preserves
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wood less effectually, does not resist water, &c.

Hence it is a bad preservative of furniture;,

&c.

As ceruse preserves its white colour, when
combined with oil, as has been already ob-

served, it may be made the excipient of all co-

lours, to which it communicates a suitable

body, and the property of drying speedily.

Ceruse is besides employed for some medici-

nal purposes, which occasion a great con-

sumption of it. Thus it is used for sprinkling

over excoriations, and to dry up superabund-

ant serosity; it absorbs moisture, and mode-

rates the irritability of inflamed parts.

Though the oxyds of lead appear very fixed,

they become so volatile by simple handling as

to prove deleterious to those who are employed

in preparing them.

These unfortunate victims to their trade

in a little time become sallow ; their voice fal-

ters ; the flexor muscles are attacked by spas-

modic contractions ; violent choiics indicate

that the stomach is affected, and the scene is

at last closed by the patient falling into dropsy^

or paralysis.

In the lead-mines, the workmen employed

VOL. IV. V^
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in melting the mineral seldom reach the age

of forty- five.

It appears that oil^ M'liich serves as an exci-

pient to white lead, volatilizes a portion of it,

and fills the place in wliich it is employed

with a gas extremely subtile, unknown even to

this day, and characterized by a peculiar odour.

Persons who breathe in this atmosphere are

seized with pains, and experience symptoms

which have much affinity with those that pre-

cede palsy. The danger which attends the

inhabiting of apartments newly painted, is w ell

known.

The circumstance which proves, that, in

these cases, a portion of the lead is volatilized,

is, that if water be left in the place where

these emanations are most sensibly felt, its sur-

face becomes covered with a brown oxyd, si-

milar to that which Messrs. Proust and Vau-

quelin have obtained by surchargii;g the red

oxyd with oxygen, by means of the nitric acid;

it would appear, therefore, that the oxygen of

the atmosphere is by no means unconnected

with this emanation of lead.

These oxyds having become necessary in the

arts, it now only remains to put the artist upon
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upon his guard against their dangerous exha-

lations. This may be donC;, at least in part,

1st. by never grinding the colours but in spa-

cious apartments ; 2d. by never grinding them

in a dry state; Sd. by covering the face with

a mask; and 1th. by the operator placing him-

self in a current of air^, which may carry off the

vapours as they rise.

I have observed, that the odour of vinegar

speedily corrects the pernicious effect of these

exhalations diffused in an apartment. In this

case it acts as a solvent, and precipitates the

vapours by combining; vvith thera.

yS
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CHAPTER XX.

SECTION I.

Of the Comhmntions of Tannin with Gelatine.

HIDES easily become putrid ; they are with

facility impregnated with water, and destroyed

by repeated friction.

All these inconveniences are obviated by

tanning, and they then take the name of lea-

ther.

To tan a hide, is to saturate it with tannin,

or the astringent principle of vegetables ; and

to give it, by that means, a degree of hardness,

at the same time that it is rendered incorruptible,

and less permeable by water.

We shall not here dwell upon the theories bj

which the operations and the effect of tanning

ha\e been explained; but shall content our-

selves with observing that M. Seguin has shewn^

that the tannin unites itself with the gelatine-

which forms almost the whole of the hide, and
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that there thence results a new substance pos-

sessing properties altogether distinct.

In order that a hide may receive the tan, it

is necessary to begin by removing the hair, se-

parating the adhering pieces of fat, stripping

it of the epidermis, or scarf-skin, and rendering

it si;ppi{'. These preiimiiiaiy operations are

performed in the following manner:

ARTICLE I.

Of the Washing of Hides.

When the hides which are to be tanned are

raw ( in which state they are called green hides,

J

they are put to steep in water, in order to clear

them of the blood and filth they may ha\e col-

lected in the slaughter-hoiise. They are left

to soak in the water for some time ; and then

handled, or trod upon wiih the teet, the belter

to cleanse them of all impurities.

1 f the hides are dry, they are steeped a longer

time, s metimes for four days; and care is taken

to draw th m out once a-day, in order to str*^tth

them on a wooden-horse^ or beam. These IW9
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operations are repeated till the skin becomes

raised, or well softened.

The neighbourhood and the coraniand of

running water are necessary to these first ope-

rations. Without that the hides are ill pre-

pared, and the tanning is speedily tainted with

all those matters which are thrown off in these

preparatory labours.

ARTICLE II.

Of Cleansing or Scowering the Hides.

After the bides have been well softened they

next proceed to cleanse or free them from the

hair, Wi:h this intention several different me-

thods are employed; that which is the oldest^

and still most generally followed^, consists in

the application of lime.

In all tanneries, pits are formed under

ground, having their sides lined with stone or

brick, in which lime-stone is slacked so as to

form milk of lime.

These pits are divided into three kinds, ac-

cording to the greater or less strength of the

lime. The hides intended to be scoured are
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first put into the weakest of these pits^ wherein

they iire allowed to remain until the hair readily

jicids to the touch.

If this liquor be not sufficiently active^ they

are removed to the next in gradation. The

time they are soaked is longer or shorter in

proportion to the strength of the lime^ the

temperature of the air, and the nature of the

hides; those of sheep only require to remain

in the pits a few days. It has been proposed

to substitute lime-v/ater in place of the milk

of lime. But I have observed that tliough

the lime-water acts at first with sufficient

strength, its action is not sufficiently perma-

nent, and that in order to succeed in clearing

the hides by this means, it is necessary to renew

it occasionally ; and in this way the hides may

be prepared in a few days.

In some tanneries, after they have been kept

in the pits for a short time, they pile them up

in a heap on the ground, in which state they

are suffered to remain during eight days, after

which they return them into the same pits

from whence they were taken, and this process

is repeated till the hair can be easily scraped

off.
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In many countries they mix a large quantity

of asiies with the lime ; but the only etfect this

mivtuie appeirs to me to produce is that of

rendering* the leather less consistent than whejj

Jime is solely employed,

Manj attribute the bad qualities of leather

to the too great use of lirae^ which has a ten-

dency to burn and render it brittle. Hence

in several well condu< led tanneries the employ-;

ment of lime is carefully avoided. Hides may

be cleansed by subjecting them to an incipient

fermentation, which may be produced in a va-

riety of ways

:

1. By souring a mixture of barley flour m
warm water, and soaking the hides in it till

they are sufficiently swelled and softened to

admit of being cleared from the hair. In each

tan-house are placed several tubs full of this

acid liquor^, which is of different strengths, in

proportion as it is soured, in those containing

the weakest liquor the hides are first soaked,

handled, and washed ; and after two, or at most

three of these operations, they are sufficiently

prepared to admit of being freed from the

hair

In order to prepare this liquor, 3 myrio-
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grammes (equal 66lb. 3oz, and 6 drams avoir-

dupoisj) of barley flour is diffused in boiling

water, and put into the caldron whence has

been drawn the fiist wafer. This mixture is

carefully stirred, and boiled so as to froth and

bubble up three several times. This farina-

ceous glue or paste is then transferred into the

different tubs, and stirred about v/ith a shovel

in different directions, which is supposed to

aid the fermentation. The tubs are then cO'

vered, and the mass left to ferment. With the

view of assisting the fermentative process they

employ a leaven, which is prepared as follows:

one myriograrame ( equal 221bs. loz 2 drams

avoirdupois,) of wheaten flour is mixed with

water, and kneaded with a small portion of

baker's leaven; sometimes 0,24474 hilogramme

(equal 9 oz. avoirdupois) of vinegar are added

to it, after which it is closely covered up, and ex-

posed to a gentle heat during two or three days.

Before it is used, a portion of the barley flour

mixture already mentioned, previous to boil-

ing, is added to the leaven and carefully incor-

porated with it. Thus prepared it is poured

into the different tubs in equal proportions;

sometimes it is slightly heated before its intro-
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duction. Afterwards 2,93706 hilogrammes,.

( equal 41bs. 6oz. 10 drams avoirdupois^) of salt

are stirred into each tub, and the mass left to

sour for twelve or fifteen days, care being taken

to stir it two or three times daily during that

period.

This preparation is not merely employed to

raise and soften the hides, it also serves to

cleanse them ; if more easily procured, rye flour

may be substituted in the place of barley.

The hides prepared with barley flour are

termed IVallachian leallicr, while those cleansed

with rye flour bears the name of Transylvanian

or American leather ; these last are preferred to

the former. The place of this acid mixture is

sometimes supplied by the exhausted bark of

tan-pits, in which case the hides so prepared

are denominated Spanish leather, Namur lea-

Ihcr, or Liege leather ; these are all greatly va-

lued in commerce.

To prepare this liquor the exhausted bark is

collected from the tan-yard and trodden with

the feet in a large basin, pouring in clear wa-

ter, or water that has stood on the tan, until it

be perfectly covered. A hole is then made in

the basin, and the water collected as it flows
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Qutj and again poured on the bark, until it be-

comes acid.

On the coast of Sedan the water is allowed

to stand on ilie bark for six months ; and when

it has become acid the bark is drawn towards

ODe side of the vessel, so that the water maj be

conveniently taken up at the other. This li-

quor is clear, red, and equally acid as *i;ood

vinegar. More water is then poured three or

four times upon the bark, and allowed to re-

main some hours, after which these v.aters arc

mingled with the first liquor. Thej render

this liquor of different degrees of strength by

mixing it with a greater or less proportion of

water, and use that which is weakest for scower-

ing the hides.

The Calmucks employ sour milk with the

same view, and Pseitfer proposes the use of the

acid water obtained from the distillation of coal

or turf It indeed appears sufficiently ascer-

tained that all the vegetable acids answer

equally well for this purpose.

In some tanneries they cleanse the bides by

throwing salt over the one half of the skin, and

doubling the other half over it; in proportion as

each hide is salted they are laid one above an-



332 CHEMISTRY

other, and the whole covered with straw or flax;

fermentation soon begins, after which they are

turned once or twice daily until they are found

to be in a proper state for removing the hair.

They may be cleansed however, much in the

same manner, without the employment of salt,

by piling them up on a bed of litter, and co-

\ering them with the same material for twenty-

four hours. At the end of this period the\ are

turned over, and afterwards examined twice a

day in order to ascertain uhcn the hair may be

readily removed.

In some tanneries they bury the hides in the

dung, while in others they simply expose in a

close apartment, termed a smoke-house, heated

by means of a tan-fire, which gives out smoke

without flange. The hides are siispeuded on

long poles placed across these apartments,

which are heated to 30 or 35 degrees.

All the methods in which fermentation is em-

ployed are termed heating processes. Brt in

wl'itcver manner the first part of the operation

has been conducted, as soon as it is erccived

that ihe hair is in a fit state to be removed, it

is scraped ofi', on the wooden-horse, by nieans

of a crooked knife, which is not so sharp in any
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part of its edge as to injure the hide^, or by a

whet-stone. This operation is not only in-

tended to remove the hair, but likewise the

scarf-skin or epidermis, which is of a very dif-

ferent nature from that of the true skin. It is

insoluble in water, and alcohol; is soluble in

acids, but not susceptible of combination with

tan, so that when left on the hide the tan can

only penetrate through the under side, by which

means the process of tanning is rendered ex-

tremely tedious.

ARTICLE III.

Of the Swelling, or Raising the Hides.

After removing the hair and epidermis, the

next object is to free the hides from the ad-

hesion of any part of the muscles, or fat, and

to render them soft and pliant. Those which

are intended for particular kinds of work, such

as calves skins tor the upper-leather of shoes,

and neats leather for shoulder belts, do not re-

require to be softened or swelled. As soon,

therefore, as they are cleansed they are put into

one of the tubs containing the sour liquor ; and
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after bping freed from the flesh, &c, are laid

into a pit.

The hides intended for the soles of shoes, and

other strong; leathers, are ;ifterwards raised by

means of processes which vary in diiierent

countries.

When lime is employed, the operation is

commenced by pnttinj;- the cleansed skins into

the weaivest of the lime-pits, and afterwards

passing them successively through the two

others. They are kept four months in each of

the two weakest pits, a;^>d two months in the

strongest. During this operation care is taken

to withdraw them, and pile them uvi in a heap,

every alternate eight days, as already mention-

ed, putting them again into the pit after it has

been well stirred.

Lime hardens the skin, and in these tan-

neries where it is used, the hides are put into a

ley of pigeon-dung in order to soften them^

and this process is termed graining. They are

daily withdrawn from the ley, and laid up in a

heap for halfan hour. This operation is usually

.continued for ten or fifteen days.

Sometimes also the acid compositions, of

which we have already spoken, are employed
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for raising the hides ; and this operation is

greatly accelerated by using the acids warm,

as well as by the method practised in Britain,

of removing them from a weaker liquor into a

stronger, until they be properly raised or

swelled.

Macbride proposed in 1774 and 1778, to

employ for this purpose water acidulated with

a small portion of sulphuric acid ; and I have

myself seen hides sufficiently swelled in twenty-

four hours by this means, and fit to be scraped.

It is useful to heat this acidulous water to

such a degree that the hand may be kept in it

without any disagreeable sensation, and to

maintain the same degree of heat by having

some of it boiling in a caldron to supply the

place of that absorbed by the substance of the

leather.

It is besides necessary that this liquor be

made to penetrate the hides in an equal man-

ner, which is accomplished by washing, drip-

ping, and returning them to the bath several

times, after it has been well stirred.

When the hides are thus prepared, the flesh

is detached from them on the horse, cleared

away, and the skin well suppled.
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When the hides have been scraped they are

left to drip, then rinced in water, again

dripped, aud afterwards plunged into the co-

louring liquor, which is prepared by infusing

pounded bark into a large tub. This bath has

a tendency to stiffen the skin and dispoic it to

receive the tan ; it also imparts to it an agree-

able yellow colour.

ARTICLE IV.

Of Tanning the Hides.

The skin being thus prepared, is next sub-

jected to the operation of tanning ; and to this

purpose vegetable astringents are employed*.

* Mr. Hatchet has shewn that tannin may be obtained

by dissolving either vegetable, mineral, or animal charcoal

in nitric acid. With this view he directs 100 grains of

\ charcoal to be digested with one ounce of nitric acid of the

specific weight of 1,40, diffused in two ounces of water.

The matrass is placed in a sand bath, and a considerable

disengagement of nitrous gas at first takes place. At the

termination of two days, a second and sometimes a third

ounce of acid is added, and the digestion continued during

£ve or six days.
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Those vegetables answer best which contain

the greatest portion of the astringent principle,

now known under the name of tannin.

Mr. Davy has demonstrated that caoutchouc

or Japan earth, contains more of this principle

than any other vegetable with which we are

acquainted ; but oak bark is the substance

most commonly employed in our climates ; for

it is not only very abundant in Europe^ but

likewise contains much tannin. Every species

of oak, however, does not supply us with bark

of the same quality ; the white oak is inferior

to the green oak which grows in the south,

while this in its turn yields in the value of its

bark to that procured from the roots of the

kermes bearing oak, which is employed in

southern climates for tanning strong leathers.

But whatever kind of bark be employed, it

is previously ground down to powder. The

The product of this digestion is of a very astringent taste,

and soluble in water and in alcohol; it swells up and be-

tomes carbonized by heat, reddens turn-sole paper, preci-

pitates the greatest number of metallic and earthy salts, in

th£ same manner as gelatine, and acts as the preserving prin-

viple of tanned leather,

VOL. IV, 2,
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tan-pits are sometimes of a rounds and at

others of square form, dug out to a consider-

able depth in the earth, and lined with wood

or mason work ; their size being in proportion

to the extent of the works.

The method of tanning is different in differ-

ent countries ; it may nevertheless be classed

under three distinct heads.

Sometimes the tan is employed in a dry starte,

in which case a layer of bark, v. hicli has al-

ready been used, half a foot thick, is spread

over the bottom of the pit. Over this is placed

a stratum of well ground new bark, about an

inch in thickness, which is carefully covered

by one of the skins ; to this succeeds a second

layer of tan, and then a skin as before; in this

manner the pit is completely filled, after w hicli

the whole is covered with halfa foot of tan, and

well trodden under the feet. This last stratum

is termed by the workmen the hat.

Bv this method the operation of tanning is

extremely tedious, not being fully perfected

till the end of fifteen or eighteen months. This

period may however be abridged by pouring

a little water into the bottom of the pit by

means of a wooden pipe fixed in one of the
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corners and reaching to its bottom. In some

tanneries the pits have a double wooden bot-

torn J pierced with holes, so that the water

may be more equally diffused throughout the

mass.

The first bark is allowed to remain for two

or three months, at the end of which the skins

are taken out and re-introduced with fresh bark

as at first, and this process is repeated a third

time, at the termination of the next three or

four months.

Each time the bark is renewed, they stretch

and handle the skins with the greatest care.

When the tan is supposed to be nearly ex-

hausted, a strorg: lixiviuai of bark is poured

into the pit, which produces a very po'^ r'ful

effect; as by Wic, means the trouble of taking

out and replacing the hides with fresh bark is

spared.

It is more particularly necessary to employ

moisture tow^ards the end of the process, as at

this period the tan penetratAS into the skins

with more difficulty, and therefore requires

some vehicle to assist its action.

In Britain they dig wells by the side of the

z2
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tan-pits, from whence the water is jiumped-

immediately into the pits.

In dressing hides after the Danish fashion,

when the preliminary o-perations arc completed,

the skins are sewed up like sacks, and filled

with a mixture of tan and water. The open-

ings are then carefully closed, and the sacks

placed in pits full of tan and water. By this

method the tanning is completed in ahout two

months, and the leather thus prepared admits

of very great extension.

Rankin and Holle-Waring have satisfac-

torily proved, that leather may be tanned by a

decoction of heath employed tepid.

Macbride recommends an infusion of tan in

lime water ; but M. Seguin contends that com-

mon water is preferable.

The mode of tanning by infusion is extreme-

ly expeditious, since by it a few days are only

requisite for preparing a bullock's hide, and

a few hours for that of sheep. It is however

attended with some inconveniences. 1. It re-

quires a large apparatus for lixiviating the

bark, and preserving tlit liquor ; as well as an

extensive tannery. 2. Tiie leather being inv-
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|)reg'natecl with so great a quantity of water,

remains spongy a long time, and wrinkles on

drying. 3. It appears to me extremely diffi-

cult so to arrange the hides in a copper, that

they may be kept apart from each other and

from the sides of the copper, as without par-

ticular attention be paid to this arrangement,

the tanning will always be unequal.

I have besides observed that weak infusions

«f tan produce very little effect, and conse-

quently it must prove a very difficult process

to bring the lixivium to a proper degree of

concentration.

The best method is therefore to render the

tan slightly humid; so that the astringent

principle is constantly presented to the hide in

a state of solution. The action of the ex-

hausted bark may towards the end of the pro-

cess be assisted by pouring into the pit an in-

fusion of tan.

By this process from three to four months

are only required for tanning completely a

bullock's hide.

The human skin, and that of the hog, are tan-

ned with the greatest difficulty, since it has

been found by experience to be extremely dif-
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ficiilf to detach the portions of flesh which

fldhores to them.

According; to calculation from five to six

pounds of tan is required to each pound of

strong leather ; and one hundred weight

of hides yields from b2 to 56 pounds of

leather.
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CHAPTER XXI.

Of the Combinations of Alkalies.

SECTION I.

Of the Combinations of Alkalies with Oils.

THE combination of an oil with an alkali

uniformly produces a compound soluble in

water^ and in which the characteristic proper-

ties of oils and alkalies are destroyed or

changed.

These combinations are termed soaps ; but

as those of soda or potash are only employed in

the arts, it is those alone that we shall at pre-

sent particularly consider.

It is probable that ages must have elapsed

before mankind arrived at a knowledge o*^ the

combination of oil and alkali which we term

soap.

Saponaceous plants, argils^ marles, and mag-
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nesiaj appear all to have been employed iu

cleansing linen long anterior to the discovery

of soap.

We even see that some animal matters were

employed with advantage for the same pur-

pose^, such as the bile and excrements of hogs,

which are still very generally used in Britain,

It is equally certain that the use of ash leys

preceded the discovery of soap.

But the capability of combining oil with

alkali so as to form a solid compound;, soluble

in water^ and w^hich can dissolve spots of

grease, without changing the colour of the

stuffs on which they are found, is a discovery

pf inestimable value in the arts.

This discovery successively improved, con-

stitutes what is now termed the art of soap-

making.

ARTICLE I.

Of the Substances employed in the Mamfac-
ture of Soap.

' Oils and every kind of grease, are suscep-

tible of combination with the alkalies, so as to
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form soaps ; but they do not all furnish soap

of an equally good quality.

It is of importance then to ascertain the va-

rious njatters that may be employed for this

purpose, and shortly to point out the difference?

between them with the view of directing the

jchoice of the artist.

§ I.

Of Oils and Grease^

Olive oil is generally employed in the pre^

paration of soap. It combines perfectly witU

the soda ; the soap thus produced is very

white, uniform, of a proper consistence, and

exhales an odour which is peculiar to this kind

of soap.

But every kind of olive oil is not equally

proper for saponification ; three kinds are

known in commerce ; sweet or virgin oil, com-

pwti or dyer's oil, and expressed oil.

The first is that which flows upon the pres-

sure of the olive, the second requires a stronger

degree of pressure assisted by heat^ and the
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third is produced by great pressure exerted on

the refuse of the olives^, in order to extract every

remaining particle of oil^ and which is always

mingled with a considerable quantity of muci-

lage, and ligneous bodies.

The first is pure, and almost w holly free from

any viscous principle.

The second is mixed with a considerable

portion of mucous matter which forms with the

oil a species of emulsion.

The third contains little oil, and a great

portion of the mucous and fibrous principle.

The s-Hjcet oil burns with facility, and with-

out leaving much charcoal.

The dyer's oil does not burn so readily, and

yields a considerable quantity of charcoal.

The expressed or coarse oil burns with great

difficulty.

The manner in which these oils unite with

alkalies is very different.

The purest oil does not readily incorporate

with them. W hen an alkaline lixivium is

poured on such oil, the mixture immediately

assumes a milky hue, and appears homogene-

ous ; but the oil quickly separates, and swims

on the surface of the liquor, where it forms a

1
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stratum;, in wliicli are observable separately

some drops of oilj and a saponaceous magma in

which the oil predominates. The lixivium

•which remains underneath appears only like a

liquor slightly milky, and of an opal colour.

Dyer's oil enters into a much more intimate

union with alkaline lixivia. It is readily mis-

cible with them, and does not separate ; so that

it may be even inspissated by heat without de-

stroying the combination.

The third species of oil ia seldom employed

singly ; for though we may succeed in forming

a durable combination;, yet the soap produced

is of a very inferior quality.

In order to ascertain whether the oil be of a

good quality, we ought to have at hand a lix-

ivium prepared without heat, and indicating

from one to two degrees of concentration.

Having introduced into a phial a few drops of

the oil the quality of which we wish to prove,

we pour upon it some iixivium. Immediately

upon ihe mixture becoming milky, we transfer

it repeatedly from one [hial into another, and

allo.v it at'terwarus to remain at rest in the

phial.

If, after the lapse of a few hours, the combi-
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nation remains uniformly white, and no par-

ticles of oil appear on its surface, we may rest

satisfied that the oil is of a good quality ; and,

if the contrary, that it is bad.

Pure oils require stronger lixivia than those

of a coarser kind.

Common oil is only employed in soap manu-

factures, not only because it bears a less price,

but because it saponifies better. Fine oil is

^•eserved for the use of our kitchens and tables.

It is particularly from Italy, and chiefly from

Genoa, that we procure the best oil for our

goap manufactures.

Some oil is also imported from Barbary,

which, conjointly with Genoa, supports the

immense soap works established at Marseilles.

Next to olive oil, that of sweet almonds

yields the most consistent soap. But as this

oil bears a high price, it is only employed in

the composition of medicinal soap.

Rape oil forms a soap neither so consistent

nor so white as the former.

Hemp-seed oil produces a porous green co-

loured soap, reducible to a paste by a small

portion of water.

The soaps prepared with the oils procured
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from beech-mast^ and clove July-flowers^ are

ofaclammyj glutinous consistence, and gene^

of a greyish colour.

Nut oil forms a soap not proper for the

hands ; it is of a yellowish white colour, of

a moderate degree of consistence, unctuous,

gluey, and continues so on exposure to the air.

The soap of which lint-seed oil forms a con-

stituent part, is at first white, but changes to

yellow in a short time, on exposure to the air.

It possesses a strong odour, is unctuous, clammj^,

glutinous, does not dry in the air, and softens

with a very small quantity of water.

From what has been said we may conclude,

that the soaps prepared with dcsiccative oils are

of a very indifferent quality, that they remain

always glutinous, and readily change their co-

lour on exposure to the atmosphere.

All the oils of which we have spoken, are

either oleaginous or fixed. The volatile oils

are not however less susceptible of entering

into combinations with the alkalies ; but as

these soaps are not employed in the arts, we

shall not notice them in this article.

Many animal substances are capable of com-
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bfning; with alkalies, and fcniish us with valu-'

able materials for the formation of soap.

Suet forms, with soda, a white soap of an

excellent quality ; excepting; only that it al-

ways retains a slight odour of grease, which it

imparts to linen.

Strong lixivia are necessar}' to the saponifi-

cation of suet, or its conversion into soap.

This soap requires much water to soften it,

and destroy its consistency.

At Arsamas, a Russian city, and the capi-

tal of the district of that name, they prepare

great quantities of soap with suet and the ley

of ashes; the caldrons employed by them are

made of hammered iron. The product of each

boiling amounts to eighty quintals of soap.

The soap made with axunge is of a fine

white colour, of a firm consistence, and exhales

no disagreeable odours.

Butter may also be converted into soap by

combining it with soda. The soap thus pro-

duced is white and solid.

Pelletier prepared a white, solid soap, with-

out odour, by combining the oil drawn from

the grease of horses with soda.
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Bullion obtained an excellent soap, by com-

bining, without the aid of heat, 25 pounds of

the last mentioned oil, and an equal quantity of

that of clove Julj-flovversj with 25 pounds of

concentrated soap leys.

Fish, and train oils, produce soaps of a dirty

grey colour, of a firm consistence^ and retain-

ing the smell peculiar to these oils.

Oleaginous and fatty matters may be classed

in the following order, as to their susceptibility

of saponification.

1. Olive oil, and that of sweet almonds.

2. Suet^ axunge, butter^ and the oil ex-

tracted from the fat of horses.

3. Oils drawn from rape-seed.

4. Oils procured from beech-mast, and clove

July-flowers.

5. Fish oil of ditTerent kinds.

6. Hemp-seed, nut, and lint-seed oils.

I long since proposed the employment of old

wool, and the shreds and shearings of woollen

cloth for the formation of soap. Caustic alka-

line lixivia readily dissolve these animal sub-

stances, and may be saturated with them, thus

producing a saponaceous greenish paste, which

mio-ht be successfully employed in the arts, for
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the fulling' of cloth, and other purposes. Thit:

process is already well known and pursued in

several manufactures, wherein they fo'rui this

soap with old wool, and the caustic ley of cora-

mon aslies. It is, howev^er, a matter of res^ret,

that its preparation is yet far from being gene-

ral, as it might be applied to a great variety of

purposes, and as its composition is equally easy

and economical.

§ II.

«

Of Alkalies.

The three species of alkalies : rada, potashy

and ammonia, may all be employed in the for-

mation of soap.

Soda and potash are the only alkalies em-

ployed in preparing the soaps of commerce.

Ammonia is only used in forming some sapona-

ceous composition for medicinal purposes.

Soda forms firm and consistent soaps.

Potash forms soft soaps, which attract hu=

inidity from the atmosphere.

This difference proceeds from the nature of

the alkalies, the former of which effloresces iff
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ibe air, while the latteiv, on exposure to it, runs

per deliquium.

It rests not therefore M'ith the artist to em-

ploy the soda or potash indiscriminately ; his

choice must be regulated by the kind of soap

^vhich he wishes to procure;

All marine vegetables yield soda by incinera-

tion, but they dd not furnish ft in the same

quantity, nor of th^ same qu&iity.

The alkali in the soda is always found mixed

with marine salt and earthy matters ; the best

is that which contains the greatest portion of

the alkaline principle.

The only kinds of soda employed in the ma-

nufacture of soap, are the barilla, or soda of

Alicant, the salicornia, or soda of Narbonne,

Sicilian ashes, and natron.

The sodas held in the highest estimation are

those of Alicant, of which three kinds are to be

found in the shops : 1. The mild soda, or mild

barilla, which is of the best quality ; 2. The soda

properly so called, or the mixed barilla. This

is hard, of a smooth fracture, of a greyish black

colour, and difficultly soluble in water ; 3.

Counterfeit soda, which is of the worst qua-

lity.

VOL. IV. A A
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The sodas of Cartha^ena possess nearly the

Same qualities as the mired barilla of Alicant.

Sicilian ashes, and those from the Le^sant,

are inferior in quality to the sodas of Alicant,

though when these last cannot be obtained,

they are frequently made to supply their place.

Natron is likewise very much employed;

the low price at which it is sold, during- peace,

operates to induce manufacturers to use it,

though it contains very little pure alkali.

Potash, properly so called, is rarely employed

in this state for the formation of soap. In-

stead of it, th^ley of ashes, rendered caustic by

lime, is now very generally substituted.

ARTICLE III.

Of Solid Soaps, or Soaps of Soda.

' The white and solid soap of commerce is

composed of olive oil and soda.

The preparation of the leys, and the boiling

of the soap constitute the principal operations

in such manufactures.
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SECTION I.

Of the Preparation of the Leys.

The alkalies, such as thej are found in com-

merce, cannot be employed in the manufacture

of soap.

They must previously be deprived of the car-

bonic acid, the saline and earthy matters which

they contain. This process is conducted in

the following manner

:

Into a vessel, about eight feet square, and

one foot deep, is introduced quick-lime, in the

proportion of one-fifth to the weight of the oil

intended to be converted into soap. Water is

slightly sprinkled over this quick-lime ; which

then grows hot, cracks, smokes, and falls down

into pow^der, after which the soda, previously

pounded, must be carefully mixed with it by

means of a shovel. In order to favour the

operation, a little water is occasionally added.

. As soon as the mixture is accomplished, it is

transferred into tubs, termed bugadieres, in the

manufactures at Marseilles.

In small establisliments their vessels are made

A A '-^
.
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of white wood, but in those which are on a

larger scale, they are composed of stone, lined,

with bricks formed on the spot, and sunk into

a mortar made with puzzolana or similar

earths.

Frequently these vessels arc constructed of

bricks laid flat, and cemented by a mortar of

the same kind.

These vessels are usually about five feet

square, by four and one-half feet in depth-

They ard perforated, at the lower part of the

side next the work-house, with two holes, or

openings, which are closed by a stop-cock, or

pegs of wood.

Under each of these vessels are placed two

leservoirs constructed with the same care, and

intended for the reception and preservation of

the leys. At Marseilles they term these vessels

rccibidous.

At the bottom of these vessels are ]f)Iaced

pieces of broken tiles to facilitate the efflux of

the ley.

When the mixture of lime and soda has been

transferred into the tub, there is poured on it

a quantity of water sufficient to cover it, to

the height of one foot and a half.
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After leaving the water in this state for se^

Teral hours, it is drawn off, by means of a spigot,

into one of the reservoirs placed beneath.

This ley marks from 15 to ^ degrees of

(Concentration, and is called thejirst ley.

After the ley has ceased to run, and the

spigot been shut, water is poured into the tub

as before; and, at the end of a few hours,

drawn off into the second reservoir. This is

termed the second ley, and indicates betweea

10 and 12 degrees of concentration.

A third ley is extracted with the sanje care

;

it only marks from 4 to 6 degrees.

The soda is still further exhausted, by pour-

ing on it a fourth water, and even a fifth, if it

appear necessary.

The last leys are. employed, as common wa-

ter, for the lixiviation of a fresh sod^.

When the soda is completely exhausted, the

tubs are emptied^ and the residuum thrown

a^ide as useless, qr employed as manure on wet

land.

To facilitate the labour of the manufacturer,

water is conducted by pipes into each vessel,

or tub. Furrows or trenches are also forjned

in the front of these yesspls, by means of



358 CHEMISTRY

"Svhich the ley maj be more conveniently circur

lated.

As sodas are not all equal in point of qua-

lit}^^ the ley produced is often extremdj dif-

ferent. The overseer forms his judgment as to

its degree of concentration, by the water-poise,

or by means of a fresh eg'g, which sinks in the

liquor, in proportion to the weakness of the

lixivium ; adding, according to circumstances,

a portion of a stroJiger or weaker ley, to bring

it to the proper standard.

Leys are also powerfully influenced by the

seasons ; thus, in w inter, they are weaker, un-

less attention be given either to employ sodas of

the best quality, or in a greater quantity.

The proportions of soda and lime emplojed

aye different, in different countries, and in dif-

ferent establishments ; in some they employ

equal parts, while in others they use only one-

sixlh of quick-linic. This difference appears

to depend on the lime, and, more frequently,

on the nature of the soda. In general, old

sodas and natrons require the most lime. Lime,

in a slate of cfFiorescence, possesses not the

same power as that which is recent; and as

this is not always at hand, we preserve it iu
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proper repositories sheltered from the contact

of air and moisture^, in order to obviate all

change.

It is seldom that the manufacturers of soap

confine themselves to one kind of soda in the

formation of the lixivium ; they, for the most

part, employ a mixture, in different propor-

tions, of natron, Alicant soda, Sicilian ashes,

the siilicornia of Narbonne^ &c.

SECTION 11.

Of the Boiling of Hard Soap.

The art of combining* oil with caustic soda^

and of reducing this combination to a suitable

degree of consistence, is the most difficulty and

the most important operation of soap making.

This combination is performed in a caldron^

and by the aid of heat.

The caldron used in soap manufactures is of

a peculiar construction ; the lower part of it

is of copper, while its sides are constructed of

mason, or brick-work.

Much skill and dexterity are requisite in

creeling such furnaces, for it must be obvious,

that if the junctures be not well closed, the
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matter would escape. On the other hand, the

expeiicap atterda^nton their erection is so great,

and the suspension of the labour so inconve-

pientj that nothing should be neglected to give

to them the greatest possible degiee of solidity.

If the operations be performed in caldrons

entirely metallic^ instead of those above ni/jn-

tionedj not only will the soap he less ^^'hite;, but

the management of the process be rendered ex-

tremely difficult_, inasmiich as the m»?talj being

a more ready conductor of heat than stone, oc-

casions the saponaceous matter to boil over,

and frequently^ burns it.

These furnaces have this further peculiarity^

that the grate is placed behind the bottom of

the caldron itself; while the chimnf^y is im-

mediately above the door of the fire-place,

so that the flame and heat are reverberated to-

wards the opening before gaining the chimney.

An idea of its construction may be attained by

examining ^g". 1, ji. G, vol. 1.

Soap-boilers' caldrons vary in their capacitici^

in different manufactures ; in general^ how-

ever, they furnish from 50 to SCO quintals of

soap per boiling.

The manner of boiling the soap likewise
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varies in different esiablislinaents ; in some they

jeraploj weak lixivia, and in others that which

is very strong. We shall here, as succinctly as

possible^ describe these two methods.

The lixivia being piepared;, the next step la

jto put into the caldron all the oil intended to

be employed. It is not, however, possible

previously to ascertain the exact quantities of

oil and soda, as tlicse proportions vary accord-

ing to the nature of the soda and oil, and can

therefore only be known from experience.

In general^ six parts of olive oil are used,

with fjve of soda. In some soap-houses the

oil is boiled previous to the addition of the ley;

but when the oil is extremcl)' thick, and con-

tains many impurities, it is mixed with a strong

lixivium, and then boiled : the clear and trans-,

parent oil quickly rises and ascends to the sur-

face, while the impurities are precipitated. The

fire is then stopped, and t^e workman removes

the supernatant oil, frpra the gross matters,

which have subsided. After cleaning the cal-

flron, and returning into it the oil which had

been taken off, he rekindles the Sre and pro-

ceeds to the boiling.

pe poms some bufkets of the weakest ley
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on the oil^ and digests the whole with a gentle

heiit, which is carefully kept up, till the soap

be completely made. The combination is fa-

cilitated by incessantly agitating the mixture

with a long wooden spatula. There is added,

gradually, more of the same lixivium; and,

when it is exhausted, the second is employed.

The oil gradually combines, the matter

thickens, aiid becomes white; more of the first

ley must then be added, after which the paste

soon becomes more consistent, and separates

imperceptibly from the aqueous liquor. Messrs.

Pelletier, Darcet, and Lelievre advise us, at this

moment, to throw into the caldron a few pounds

of sea salt, in order to produce a more complete

separation ; the paste then assumes a grained

form, having some resemblance to spoiled

cream ; the ebullition is maintained, during

two hours, after which the fire is withdra\^ n,

and the agitation discontinued.

When a few hours have elapsed, the liquor,

which remains at the bottom of the caldron, is

drawn off by means of a pipe, communicating

wijh its inferior part; the fire is rekindled;

the soap is dissolved by the aid of a little water

poured into the caldron ; the mixture is agi-
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tated, and when it is completely liquefied; and

in a boiling" state, the remainder of the first ley

is gradually added to it.

We ascertain that the soap has attained a

due degree of consistence: I. by allowing a

small portion of it to fall and coagulate on a

slate ; 2. if, on shaking a spatula, dipped into

the paste, briskly in the air, the soap is de-

tached in the form of ribbons, without ad-

hering to the wood; 3. by the particular odour

of soap ; by handling it between the fingers.

Although the method of graining the soap,

and separating the aqueous part be far from

common, yet it has been successfully employed

in m;iny establishments since it was made

known. The process may unquestionably be

conducted without the aid of salt ; but as it

frequently happens that the process misgives

toward the conclusion, and theieby embarrasses

even a skilful manufacturer, it may not be im-

proper to point out the means of remedying it.

In some manufactures the strongest lixivium

is employed at the commencement of the ebul-

lition; by which method the paste becomes

quickly thickened to a considerable degree, and

requires to be managed by periions skilled in
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such operations. It is judged necessary to pour

in fresh ley^ when the paste siiiks down, and re-

mains at rest. They coatinue to employ the

strong ley till it be nearly e:!vhausted. Then

(he boiling subsides^, that is, it sinks down, and

appears as if stationary ; it boils in this manner

during three or four hours ; after which it is

moistened by pouring into it the second lixi-

vium, while care is at the same time taken pro-

gressively to augment the heat. It very rarely

happens, when the strongest lixivium has been

used at the beginning, that the third ley is nc"

cessary. This is only employed when the paste

does not boil, because then the object is to 41-'

lute it.

As soon as the boiling is finished, the fire is

withdrawn; the lixivium is then drawn off,

after which the paste is left to cool, and takei)

up, before it be fully coagulated, by means o^

copper or wooden buckets, to be transferred

into moulds, into the bottoms of which, a por-

tion of pulverized lime has been previously in-

troduced, to prevent the soap adhering to

them.*

* Those vessels are termed moulds into which the sapoaa-

ceoiis paste is poured from the caldron. They are usually
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At the end of two or three days, when the

soap becomes sufficiently hard^ they remove it

from the moulds^ and divide it into wedges ef

dififerent sizes, by means of a brass wire.

They place these wedges on a floor, edge-

wise, where they are allowed to remain till

they become perfectly firm and dry.

The fair trader lays his account in procuring

five pounds of soap from three pounds of

oil.

The soap is not marketable, till it ceases to

receive any impression from the fingeijs.

It must not be supposed that the lixivium

employed at the commencement of the pro-

cess should be constantly continued. The
great art of soap-making consists in knowing

to determine, from the appearance of the paste,

and other circumstances, what kind of lixi-

/ffam should be employed during each step of

y '

jyf
—~

,

frames of wood made of several planks kept together by ad-

Justing screws. Some of these moulds can contain two

thousand weight of soap at once. They fold down in the

front that the soap may be more easily withdrawn. Their

construction is such, that in general the lixivium which

flows from them can be collected in a reservoir, formed for

tfie pUTpose.
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the operation. The overseers regulate their

conduct in this respect by observation 'and ex-

perience The form and size of the bubbles,

the colour of the paste^ the volume of that

which is thrown out on the edges of the vessel,

the consistence of the matter, and its disposi-

tion to swell, as well as the appearance of the

steam, all furnish them with marks by which

thej^ regulate their conduct.

It sometimes occurs that the paste, though

apparently very firm, yet when set in the cold

air to concrete, throws out much water, and is

resolved into small grains possessing little con-

sistence. In this case it is evident that the ley

is in excess, and must be dissipated by heat,

or precipitated by means of marine salt.

Frequently also the paste becomes grcas:/,

and the oil appears to separate from the soda.

As this in general proceeds from the paste not

being imbued with sufficient water to keep. it

in combination, it is necessary to add to it a

portion of v»'ater, or very weak lixivium to re-

medy this defect.

In manufactures of white soap, it is usual to

Tcin some portions of it, of a red and blue co-

lour, in order to form what is termed mcirhlcd
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iioa'p. The oxyds of iron are employed for

this purpose ; but it is not till after two

days boiling that they begin the process of

variegation. With this view, one hundred

and fortieth part of the sulphate of iron, rela-

tively to the oil intended to be formed into

soap, is diluted, and decomposed with a weak

lixivium. This solution is then poured into

the caldron, which is kept in a state of ebulli-

tion till the paste becomes black ; after which

the fire is extinguished, and the lixivium which

remains unincorporated drawn oiF. When
this is done they rekindle the fire, and supply

the paste with ley during twenty-four hours

;

after which the fire being put out, the matter

is left to settle, and the lixivium drawn off as

before.

This process is repeated for nine or ten days,

at the end of which the fire is removed, and

the lixivium evar uated. As soon as the mass

has settled, 5 or 6 kilogrammes, (about 12 lbs.

avoirdupois) of Spanish brown, diluted with

water, are added to it.

ArV hen this is done, two workmen stationed on

boards set over the caldron, and furnished with

long poles, to the extremity of which is at-
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tached a board about ten incbes square^ rais^

up the paste and agitate it in diiferent direc-

tionSj while others pour lixivium in at inter-

vals, till the paste be rendered fluid. After

this operation the soap is removed into the

moulds.

Marbled soap is harder than that which is

whitCj and is preferred to it for washing. This

hardnesSj in mj' opinion, does not merely proceed

from the parts of the paste being; brought into

closer contact, but from a portion of oxygen

abandoning the oxyd to combine with the iron.

What tends to strengthen this hypothesis is,

1. That the marbled soap never acquires its

genuine quality, until by ebullition, the colour

of the oxyd has been reduced to a blackish

tint. 2. Because white soap, though very

hard, never assumes the same character as the

marbled.

At all times has the soap manufactured at

Marseilles, stood deservedly high in the public

estimation ; cupidity has, it is true, sometimes

operated on certain individuals to impose this

article on customers, in an adulterated state

;

but the manufacturers, who are necessarily in-

terested in supporting its character, have never
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failed on such occasions to stig-niatize them as

they deserve.

The adulterations most commonly practised,

are the folio sving*

:

\^ hen the soiip is made, they add to it much
water, which communicates whiteness to it.

Frequently they incorporate it with pulverized

lime, calcined gypsum, or white argil.

The former of these frauds is readily disco-

vered by the waste of the soap when left ex-

posed to the air for some time.

The second can only be detected by forming

a solution of soap in much water, as then the

earthy matters are precipitated.

Its adulteration, by means of water, is prac-

tised with less advantage by the manufacturer

than the dealers in retail.

To discover this fraud, nothing more is ne-

cessary than to expose the sophisticated soap

for a few days to the air, by which it is flatten-

ed, becomes tough, and acquires a yellow

hue

VOL. lY. B B
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ARTICLE II.

Of Soapsformed wiiJiout Heat.

It has always been a desideratum with ma-

nufacturers to form soap without the aid of

heat. Even at the present day this object is

still regarded as worthy of attention. But

though we have succeeded^ by various pro-

cesseS:, in manufacturing soaps of an excellent

quality in this way, yet the method usually

employed has not hitherto been abandoned,

which clearly proves that no great advantage

has resulted from preparing them without

heat.

When we mix together a strong lixivium

w'ith oil well adapted for saponification, or the

formation of soap, it is suflicient to leave the

mixture at rest, that it may assume a consider-

able degree of consistence. The soap coagu-

lates, and remains supernatant on a clear

liquor, which separates from it in great

abundance.

It has been observed, that in order to com-
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bine an oil with a ley, without the aid of heat;,

it is necessary to churn and agitate the mixture

briskl}'. For this purpose, a kind of churn-

staff, similar to that used in making butter, is

employed. The oil is mixed in the pro-

portion of two parts with one of the lixivium,

at 8 degrees of concentration. The mixture

is agitated for a quarter of an hour, and after

adding to it oiie pint and a half of lixivium at

18 degrees, it is again agitated for one hour

and upwards. Finally, after pouring upon

the mass a like quantity of lixivium at 18 de-

grees, it is agitated until the paste becomes of

a proper consistence. This paste is left to re-

pose for two or three hours, before removing

it from the vessel. After softening it with a

spatula, it is run into the moulds.

In the course of a few days, the soap be-

comes sufficiently hard to be taken out of the

moulds.

Rape seed, and some other oils, require a

lixivium at 20 degrees of concentration, and

two months are requisite to dry the soaps thus

produced.

Apothecaries and druggists prepare a me-

dicinal soap by combining two parts of oil of

B B 2
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almonds and one part of soap leys, so concen-

trated, that a phial which is capiible of hold-

ing 8 ounces of water, may contain 1 1 of ley.

The soap tlius prepared acquires consislciicv

within a few days. It retains sometimes a

caustic taste for a short period, but this may

be obviated by combining with it a fresh por-

tion of oil, or by preparing it with greater care

at first.

The grease collected in kitchens, may be em-

ployed in the composition of soaps, prepared

without the aid of heat. With this view, to

(5 pints of lixivium at 10 degrees, must be gra-

dually added, constantly shaking the mixture,

3 lbs. of grease^ melted in a copper basin. The

basin is kept on warm ashes for one hour^

while at the same time the agitation is conti-

nued. It is then taken from the ashes, and

agitated again for half an hour, till the mix-

ture thickens. The saponaceous paste thus

prepared, is run into an earthen pan, in

which it is kft till the following day, when

being stirred, it is poured into moulds.

Within three or four da3S it is taken out of

. the moulds, and set to dry, till it acquires a

suitable degree of hardness.
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ARTICLE IV.

Of Soft Soaps.

Soft soap is composed of potash and oil.

This soap is very useful in scouring and cleans-

ing stufls from greasy matters ^vith which they

happen to be soiled.

The greatest manufactnres of soft soap are

established in Flanders, Picardy, and Holland.

The fish oil used by the Dutch, which iroparts

a disagreeable odour to the soa[x, has not a

little contributed to biiiii*: their manufacture of

this kind of soap into discredit.

The use of this oil is prohibited bj law in

Flanders and in Picard v.

The oils employed in these countries^ for si-

milar purposes, are principally those drawn

from flax, hemp, and rape seed. These are

distinguished by the appellation of iiYi7'/7i «;zrf

cold oils. Those which the Flemings denomi-

nate warm oils, the inhabitants of Picardy call

yelloxsc oils, and restrict the term green oil to

cold oil.

The warm oils bear a higher price than those
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called cold ; and on this account they are fre-

quently mixed.

The kinds of potash employed for the for-

mation of soap, are procured from the North,

or from Alsace.

The caldrons are composed of plates of ham-

mered iron, fastened together \Yith rivets.

After introducing into the caldron the half

of the oil intended for one coction, the fire is

Jiindied, and when the oil begjins to grow hot,

we add to it a portion of the lixivium ; what

remains of the oil and the lixivium must after-

wards be gradually poured in during the

ebullition.

If too much of the lixivium be employed at

the commencement, no combination takes

place ; if the lixivium be too strong, the mix-

ture separates into clots, and if it be too

weak, the union is incomplete.

The quantity of the ley employed in one

coction, ought to be in the proportion of four

parts to three of the oil. Tw o hundred parts

of oil, and one hundred and twenty-five of pot-

ash, yield three hundred and twenty-five of

soa'p.

When the union is fully accomplishedj an4
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the liquor rendered transparent, nothing: re-

mains but to employ the necessary degree of

coction.

The soap-boilers judge of the degree of coc-

tion by the consistence, by the colour, and

from the time which the soap takes to coa-

gulate.

In order to make the froth subside, and

render the mass fit for barrelling^ one ton of

soap is emptied into the caldron.

The soap held in the greatest request is of a

brown colour inclining to black.

The manufacturers in Flanders dye the soap

by throwing into the caldron^ half an hour be-

fore the termination of the boiling or coction,

a composition of one pound of the sulphate of

iron, half a pound of galls, and an equal quan-

tity of red wood, and boiling it with the lix-

ivium.

When the soap is prepared with a great por-

tion of warm or yellow oil, a green colour may

be imparted to it by pouring into the ley a so-

lution of indigo. This soap is reckoned of the

best quality.

This soap remains always in the state of a
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soft pasto, on \vhith account, it is placed in

casks as expeditiously as possible.

ARTICLE V,

Of Domestic Soaps.

The onl}' advantage in rendering; soap of a

hard and solid form is to facilitate its carriage,

and to adapt it to certain raanipulatiops ; but

for a great variety of purposes;, it is reduced

into ^a liquid state, to render its employment

more convenient.

For domestic purposes, the operation ofcoc-

tion in the preparation of soap, might, in my
opinion, be superseded, by the formation of a

saponaceous liquor well adapted for the pur-

poses of cleansing and vvhitening of stufTs and

linen.

The preparation and employment of these

saponaceous liquids have long engaged my
attention, and as my experiments on this have

been attended with the happiest success^ I
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shall here cuter ivAo some details re?pec(in^^

them

I. We may ciiiploj eith.er the potash sold in

the shops, or a sdoniz; ley of common ashes.

In the first case we p.)ur water on tlie pot-

ash, and allow it to dissolve, till the solution

marks 2 degrees of concentration. ^> c then

decant this solution, and pour it on a portion

of oil contained in a vessel. The mixture in-

stantly becomes of a white colour, and forms a

milky liquor. In £;encral, v.e o?ight to em

ploy a small qiiantitv of oil, .ind at most, not

more than the p-oportion of one-fortieth part

to the bulk of the ley.

In the second case, we mix a portion of

quicklime with the ai-h<s we mean to employ,

3,nd then lixiviate them, in the usual ir.anner.

This lixivium is uspd, like the solution of pot-

ash, after having been brought to the proper

degree of concentration.

This lixivium should always be prepared

immediately before being used ; and for this

purpose recent ashes answer better th;in those

that have been long kept. The cuai scr oils,

termed dyer's oils, are also preferable to the

purer kinds in the compositicn of this mixture.
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When they exhale a disagreeable odour it is

communicated to the linen ; but this fault may

easily be corrected^ by rincing it through a

pure lixivium.

Vif hen the liquor is too thick, it ought to be

diluted with a weak lixivium ; it should like-

wise be agitated, and beaten up to a froth, be-

fore being em.ployed.

When soda is used instead of potash, it

must first be grossly pounded, and then put

into a vessel and covered with water, by which

means we obtain a solution marking 2 degrees

of concentration.

The oil being put into a proper vessel, from

forty to forty-five parts of the solution of soda

is poured on it, when the mixture immediately

assumes a milky appearance, which it ever

afterwards retains, if the oil and soda be of a

good quality.

The Alicant soda is the best with which we
are acquainted, and the addition of lime will

be found unnecessary, except the soda be old,

or in a state of efflorescence.

Several lixivia may be thus formed, by pour-

ing fresh water on the undissolved soda.

Independently of these very simple processes,

soaps may be formed with rancid butter, and
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other oilj or greasy substances, rejected in the

kitchen.

I have also succeeded in procuring; a soap

from wool ; which, at tlie same time that it is

extremely economic, possesses very exc^iient

qualities. To prepare this soap, it is suffirii^nt

to saturate a boiling: lixivium, with the wool

reject'^d in our manufartuies.

This soap answers extremeij well for scowcr-

ing or cleansing stuiTs.

The British prepare a very economic soap

from the remains of the fish which is employed

in the formation of glue, and of those that

are salted for the market.

Cases may occur in which, though possess-

ing potash, marine salt, and oil, it is impos-

sible to find a supply of soda proper for sapo-

nification; yet, even under such circumstances,

hard or solid soap may be prepared by decom-

posing the soap of potash by the marine salt.

Thus, for example, if we combine 3 lbs, of

oil with a suillriinit quai.tiiy of potash to form

a soft soap, nothing more is requisite, but gra-

dually to add, towards the end of the process,

6 lbs. of marine sab. The saponification is be-

gun with the potash, and completed by the

salt.
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ARTICLE Vr.

Of the Uses of Soap.

The first and most important use of soap is,

that of scowering or clLunsiug stuffs, because

it possesses the property of uniting with the

oil or grease^ by which ihej are soiled^ and

rendering them soluble in water, without dis-

solving or changing the texture of woolen,

silk, or cotton fabrics of any kind whatever.

The manner of scowering or washing varies

according to the nature of the cloth and the

consistence of the soap ; when the soap is

hard, hand washing is usually employed; or in

other words, the soap is rubbed upon the cloth

itself, with the view of forming a direct com-

bination between the oil or grease contained iri

it, and the soap ; the matters thus combined

are then washed out by the aid of water.

The soap is frequently dissolved in water;

and this saponaceous liquor is used to impreg-

nate the cloth, and extract from it by repeated

friction, and the employment of water, all the^

greasy matters with which it is imbued.
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Woolen clotli, blankets, flannels, and in-

deed all animal substances, arc most eiTectually

cleansed by soft snaps, or soaps of potash.

Some waters are not favoin-able to the solu-

tion of soap ; those impregnated with earth y^

salts decompose it.

Soda soap forms the basis of wash-balls.

With this view it is melted, and then mixed

with fine starch, w^hich is the only article be-

sides the soap used in the preparation of the

common kinds.

The usual proportions are three parts of

starch to five of soap ; the soap being cut inta

finger lengths is melted in a caldron, and two-

thirds of starch thrown in, care being taken to

stir it frequently ; it is next poured on a board,

or smooth table^ and the remaining third of

the starch kneaded into it with the hand until

they be sufficiently incorporated ; after which

the paste is made up into the shape that may

be desired.

Another kind of wash-balls are prepared by

dissolving white soap in alcohol. To this pur-

pose alcohol is digested upon soap previously-

cut into finger lengths ; and at the end of

twenty-four hours this mixture or paste is tri-



382 CHEMISTRY

turated in a mortar, with aromatlcs reduced io

pow der, or with a small quantity of some aro-

matic oil, such as that of jasmine^ tuberose,

lemon, citron, and orange. When the paste

is become sufficiently consistent, it is formed

into balls which exhale an agreeable perfume.

Someuraes the aromatics are incorporated

with mucilage of gum tragacanth, and whiles

of eggs.

It is customary, in some manufactures, to

prepare an aromatic dye, by infusing diiferent

aromatic substances in alcohol, and afterwards

kneading a portion of it with the soap, to

which it imparts a strong perfume.

Different saponaceous essences are prepared

by dissolving aromatic soaps in double their

weight of ardent spirits.
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CHAPTER XXII.

Of the Combinations of Alcohol.

The solution of resins in alcohol and in oils,

form varnishes, with which wood and metals

are covered^, to preserve them from the imme-

diate action of air and vtater.

In order that varnish may unite all the most

desirable properties^ it is necessary,

1. That it should prevent the immediate con-

tact of air and water with the varnished body.

2. That it do not scale off,

3. That it be sufficiently transparent not to

obscure nor alter the colours of the bodies it is

intended to preserve.

4. That it resists the action of air and water,

5. That it be susceptible of receiving a fine

polish.

Thoughj in some cases, varnishes should

possess all these different properties, yet there
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are others in which several of ilicm are whollj'

useless. Transparency, for example^ is not ab-

solutely essential to these compositions^ except

when we wish to preserve, without alteration

or change, a beaiitiful picture, the colour of

wood, or the polish of metal. But in every

case varnishes ought to resist the action of air

and water, and apply uniforuily, without cracks

or fissure;, to the body or substance covered

with them ; at the same time that they arc

susceptible of being well polished.

From what has been said, it is evident, that

resins are perfectly suited to form the basis of

Tarnishes, and that it is sufficient to dissolve

them in alcohol or in drying oils, to impart to

them all the properties that are essential to a

good varnish.

Varnishes, then, vary not only according to

Ihe colour and consistence of the resins em-

ployed, but also according to the nature of the

solvent. They are distinguished into drying

varnishes, essential varnishes, and fat var-

nishes, according as alcohol, spirits of tur-

pentine, or fixed oils, are cmplojed in their

composition.

I
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SECTION I.

Of the ComUnittions of Alcohol with Resins.

Alcohol may be regarded as the universal

solvent of resins ; and the varnishes which re-

sult from this solution are extremely brilliant^

and dry vei'y quickly ; but they possess the in-

convenience of being brittle, and cracking un-

less there is added to the composition a por-

tion of turpentine^, or some other substance to

render them gluey.

In the preparation of drying varnish^ the re-

sin is reduced to powder^ and mixed with pul-

verized white glass ; these materials being put

into a matrass, the necessary quantity of alco-

hol is poured over them, after which the ma-

trass is placed in a copper filled with hot wa-

ter, which is kept in a boiling state for one or

two hours. During this period the mixture is

constantly stirred with a wooden rod ; and

when the solution appears to be completed^

the turpentine, previously liquefied by expos-

ing the bottle containing it to the steams of

VOL. IV. c c
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hot water, is added to it. The matrass is then

left for half an hour in the water, after which

it is withdrawn, and the mixture agitated until

it has become partly cold. On the follow-

ing day it is poured off and filtered through

cotton.

The white glass, recommended by M. Tin-

gry, proves extremely useful in this operation,

by dividing the resins, preventing tlieir ad-

herence to the bottom of the vessel, and retain-

ing the extraneous matters with which they

are frequently mingled.

M. Tingry gives the following receipts for

the preparation of drying varnishes, which ap-

pear to be extremely well calculated to answer

the different purposes for which they are in-

tended.
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Used for varnishing pasteboardj boxes, pen-

cases^ &c.

oz.

2d. Liquefied copal *
, S

Sandarach . .6
Pure mastic . .3
Pulverized glass - 4
Pure turpentine

f. 2^

Alcohol . . .32

The present varnish, which is more consist-

ent and equally brilliant as the former, is

mostly employed for varnishing such articles

as are exposed to great friction ; such as car-

riages, different kinds of cases, window and

door frames, metals, &c.

By augmenting the portion of the sanda-

rach and turpentine, a stronger body is given

to the varnishj while it is at the same time ren-

dered much more pliant ; but it renders it also

gluey, diJBScult to dry, and imparts to it a dis-

agreeable odour.

* M. Tingry recommends melting the copal by a gentle

heat, and pouring it into water, by which means it is sepa-

rated from any mixture of oil, and rendered more soluble in

alcohol, or spirits of turpertine.

cc2
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By dissolving 6 oz. of sandaracb, 4 oz. o(

clemi, 1 oz. of animCj half an ounce of cam-

phor, in 32 oz. of alcohol, we will obtain a

more supple, solid varnish, and equally bril-

liant as the two former.

The following composition is used with

great success for varnishing wainscot., iron-

work, grates, and the ballustrades of stair-

cases.

oz.

Sandarach . . 6

Shell-lac . . 2

Kesin ... 4
Pure turpentine . 4

Alcohol ... 32

Pulverized glass as usual. The cabinet

makers content themselves in general with

the employment of wax for rubbing over fur-

niture; which by repeated friction, in this way,

acquires a certain degree of polish. But the

application of varnish renders the wood more

shining, and though it possesses the inconve-

nience of scaling off, and being easily scratch-

ed, it is nevertheless used for polishing our

most valuable pieces of furniture.
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M. Tingry has made known a process by

which to all the qualities of good varnish are

united the advantages of wax. It consists, ia

jiielting over a slov fire 2 oz. of white wax,

aud adding to it 4 oz. of essence of turpentine,

after it is reduced to a state of liquefaction ; it

is then stirred till it be perfectly cold ; in which

state it is used for waxing furniture. The tur-

pentine is readily dissipated, leaving the wax

in a very divided state, and possessing the bril-^

liant glossy quality of varnish.

The varnish employed for violins, and some

particular kinds of furniture made of rose

wood, acajou or plunitree, is composed of 2

oz. of seed lac, 4 of sandarach, 1 of mastich, 1

of benzoin, 2 of turpentine, and 32 of alcohol.

If in place of white resins, gamboge, dragon's

blood, or some other colouring substance be

employed, such as turmeric and saffron, we

impart to varnish the different colours of the

bodies to which it is intended to apply them.

The following corpposition is of a pertrja-

nent and beautiful golden orange colour.

Three fourths of an ounce of turmeric, an4

twelve grains of oriental saffron is infused for

twenty-four hours in 20 oz. of spirits of wine ;
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this infusion is then poured on a well pulve-

rized mixture of three fourths of an ounce of

gamboge, two ounces of sandarach, an equal

quantity of elemi, one ounce of dragon's blood

in tears, and one ounce of seed lac.

This varnish is used with the most com-

plete success for covering mathematical instru-

ments, and utensils of copper, iron and steel.

The metals must be heated previous to its ap-

plication.

A fine golden colour may also be imparted

to brass by the following varnish.
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SECTION ir.

Of the Conibinations of Alcohol with rectified

Spirits of Turpentine.

When spirit of turpentine forms the solvent

of resins which enter into the composition of

varnish, the name of essential varnish is given

to it; like alcohol, spirits of turpentine dis-

solves resins, like it also turpentine is quickly

evaporated, leaving on the body a coat of the

resins svhich it held in solution.

Spirits of turpentine must not however be

confounded with alcohol, neither in respect to

its solvent properties, nor in the effects it pro-

duces. Alcohol imbibes the colouring prin-

ciple of indigo, turnsole, red santai, satiVon,

&c. while turpentine has no sensible ac-

tion on these substances. The turpentine at-

tacks copal, which resists, in its turn, alcohol.

The essential varnish is more pliant, stronger,

and more solid ; it is less iia-ble to scale, and is

capable of receiving a higher polish. The

varnish prepared with spirits of wine cracks

and scales more readily ; the alcohol is more

^
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rapidly dissipaietlj leaving the resins possessed

of all their original properties ; whereas the

turpentine remains in combination with them

to a certain pointy and imparts to the resins

dissolved in it a gluey character foreign to their

nature. The essential varnish is then possess-

ed of peculiar characters^ which under certain

circumstances^ renders its use extremely im-

portant.

It is this essential vatnishWhioh is alone ap-

plicable to pictures. It is evident that in this

case the varnish should be colourless^ supple

and gluey, very transparent without being too

glossy, so as to reflect the light. The follow-

ing varnish appears to combine all these ad-

Vantaires.

oz.

Purified mastic ... 12

Pure turpentine . . l-^

Camphor . . . O^-

Recti iied spirits of turpentine 36

Pulverized white glass . 5

The camphor is broken into small portions^

,i';;d added to the turpentine when the solution

J. r itt resins is completed.
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A coloured varnish is also prepared with spi-

rits of turpentine which is of great use in glaz-

ing leather, w ood and metals. It is composed

as follows

:
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the qualities we could desire, and various ex-

periments have been lately made with the view

of discovering a method of dissolving it. M.
Tingrj found that it may be readilj' dissolved

in ether by the following process.

Half an ounce of copal very finely powdered

is introduced gradually into a flask containing

two ounces of ether. The flask is then closed,

and the mixture agitated for half an hour, after

which it is left in a state of repose. When on

shaking the flask its internal surface appears

covered with small waves, and the liquor is

not clear, we may conclude that the solution

is imperfect, and must therefore add to it an

additional quantity of ether.

This varnish is of a pale citron colour.

Ether can dissolve a fourth, and at the least

a fifth of copal.

This varnish is applied with a brush ; but

as the ether is too speedily dissipated, espe-

cially in a warm temperature, it is found use-

ful to cover the substance over to which it is

applied with a slight coating of volatile oil;

afterwards wiping it carefully ofl' with a piece

of linen. That which remains is sufficient to

retard the evaporation of the ether,
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This varnish forms such a hard coating to

metals and wood, that the greatest friction, or

the most violent strokes can make no impres*

sion on it.

Copal may also be dissolved in essential oil

of turpentine and forms a varnish, having the

same qualities as fhe former. But as the spirits

of turpentine of commerce do not always

possess this solvent quality, it is necessary in

this case to expose it to the sun for some

months in bottles closely corked, leaving an

empty space of some finger-lengths between

the liquid and the cork.

Eight ounces of this composition is then put

into a matrass, and placed in a water bath car-

ried to ebullition, after which one ounce aud a

half of powdered copal is gradually added to

it ; at the same time the matrass is moved in a

circular direction. The matrass is then removed

from the bath, and the liquor left to repose

for some days, when it is drawn clear off and

filtered through cotton.

The solution of the copal may be facilitated

by the intermedium of some volatile oils. With

this intention two ounces of spirits of lavender

are heated over a gentle fire in a matrass, to
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which is added, by slow degrees, one ounce of

powdered copal ; the mixture is then stirred

with a wooden rod, till the copal disappears,

when they pour in at three different times six

ounces of spirits of turpentine nearly brought

to the boiling point, stirring it during the

whole time without interruption.

This varnish is of a golden colour, very solid

awd brilliant, but of a less drying nature than

the preceding. There is another very valuable

copal varnish which is employed in all cases

where great solidity, suppleness, and transpa^

rency are requisite, and which is employed, for

example, to varnish metallic plates, which in

some cases are used as a substitute for glass.

To prepare this varnish, six ounces of spirits

of lavender are put into a small matrass, with

one dram of camphor ; and exposed to the

fire until they boil, when two ounces of pow-

dered copal is added in very small portions,

care being taken constantly to stir the mixture,

When the copal is well incorporated, the boil-

ing spirits of turpentine are added, and the

boiling continued till the varnish acquires the

requisite degree of consistence.
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CHAPTER XXIII.

Of the Combinations of Fixed Drjjing Oi!s.

SECTION I.

Of the Combinations of Fixed Drying Oils

with Besins.

FAT varnishes are formed by dissolving re-

sins in fixed drying oils.

These varnishes are very hard^ but extremely

difficult to dry, though combined v^ith the es-

sential oil of turpentine, to facilitate the desic-

cation.

In work-shops where fat varnishes are era-

ployed to cover iron, copper, and other metals,

stoves are found necessary to hasten the desic-

cation since otherwise the operation would

prove tedious, and the varnishes would never

completely dry.

The two substances most generally employed
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in the composition of fat varnishes, are copal

and amber.

The most simple fat varnish is prepared by

dissolving 16 oz. of copal in 8 oz. of lint-seed

oil, rendered drying by the usual process^ and

16 oz. of the essential oil of turpentine. After

liquifying the copal in a matrass, over a com-

mon fire, the boiling lint-seed oil is added

to it.

When these substances become thoroughly

incorporated, the matrass is removed from the

fire ; it is then sliaken till the heat has abated,

when the heated oil of turpentine is added to it.

After straining the whole whiie hot, through

a linen cloth, the varnish is put into wide

mouthed bottles. It becomes greatly improved

by keeping.

An excellent varnish may be obtained by di-

gesting together 6oz. of copal, 24oz, of drying

lint-seed oil, one and a half oz. of Venice tur-

pentine, and 6 oz. of the essential oil of tur-

pentine. This solution forms a beautiful trans-

parent varnish, which, when properly applied^r

and slowly dried, is very hard and durable.

Since the discovery of balloons, many experi-

xnents have been made with the view of dissolv-

I
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iag the caoutchouc ; so as to render it appli-

cable, as a varnish, to the materials of which

they are constructed. Macquer had long ago

pointed out the solvent property of ether; since

which time fixed and volatile oils have been

successively employed with tiic same intention,

but the process most generally adopted at pre-

sent consists in dividing the caoutchouc into

small slips, and throwing them into a matrass

placed in a sand-bath ; on the mass becoming

liquefied, there is added the boiling lint-seed

oil, and afterwards the heated essence. These

three substances are employed in equal propor-

tions. When the varnish becomes cold, it is

passed through a linen cloth. This varnish

dries slowly.

Lint-seed and nut-oil, rendered strongly

drying, form a varnish without the addition of

any other matter. Lint-seed oil inspissates,

hardens on exposure to air, and assumes nearly

all the characters of caoutchouc, when applied

in layers or coats upon bodies of any kind.

These two oils, mixed with lamp-black, and

the carbonaceous matter resulting from the

combustion of a portion of the oil itself, form

^vhat is termed printer's ink.
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' Printer's ink ought to be so thick as not io

run ; it ought to dry so quickly as to becora(^

indelible as soon as it is applied ; it should be

neither soluble in water, nor sink when ap-

plied to wet paper ; and its colour should be

of a shining black.

Nut-oil is \ery generally employed in thfe

formation of this ink. For this purpose, a

kettle, provided with a strong lid or cover, is

two-thirds filled with the oil above mentioned.

Heat is then applied, after putting on the co-

ver. The vapours which escape are inflamed;

the lid is covered with wet linen cloths ; and

after supporting the combustion, during some

time, the fire is gradually withdrawn ; the ves-

sel then is cautiously uncovered, after which

the oil is stirred, for a considerable time, with

an iron spoon. The fire is then re-kindled, but

not made to burn with the same force as be-

fore ; and when the oil is thoroughly heated,

half a pound of dried crusts of bread, and six

or seven onions are put in for every 50 lbs. of

the oil employed. The caldron is again cover-

ed, and the mixture boiled over a gentle fire,

during three hours. The coction is supposed to

be carried to a suflicient length when the cool-
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ed drops are adhesive and stretch into threads

on opening" the fingers. W hen this effect is

not produced;, the coction must be renewed.

The varnish is purified by passing it several

times through a linen cloth.

There are makers of varnish who add turpen-

tine and litharge to the oil ; but this mixture is

attended with the inconvenience of rendering

the oil glutinous and clammy.

In order that printer's oil be good, it must

be kept for some time ; by which it acquires

brilliancy and consistence.

The ink used in copper-plate printing ought

to be more consistent than 'that employed in

book-printing. The varnish is prepared in the

same manner, with this difference only, that in

place of suppressing the combustion, it is ex-^

cited and supported, till the oil be rendered

glutinous, like a very thick syrup. The com-

bustion is even maintained for half an hour

after the caldron has been removed from the

fire. The combustion is afterwards suppress-

ed, by putting on the lid, covered with wet

linen.

The varnish used in book-printing is cO'-

loured with lamp-black, which is mixed with it

VOL. IV, D D
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in the proportion of two and a half ounces

to sixteen of the varnish. In the preparation

of this mixture the greatest eare is employed;

and for this purpose, the lightest black is pre-

ferred.

The lamp-black is mixed \vith the oil used

in copper-plate printing, by means of a muilar

and marble. The heaviest lamp-black is em-

ployed.

Different colours may be imparted, accord-

ing to our inclination, to printer's varnish.

For this purpose it is sufficient to inspissate the

oil by heat and combustion, by employing less

agitation, in order to avoid impregnating it

with the smoke, which would blacken it. The

colouring substances employed arc Prussian

blue, vermilion, carmine, orpiment, lac, mastic,

gamboge, &c.

When undulations, or asperities occur on

the surface of varnishes, if they are hard, such

as those which proceed from the solution of

copal, or amber in drying oil, they are bur-

nished at first with pulverised pumice-stone,

spread upon a piece of white serge, formed like

a bung. We go over all the coloured surface

with this bung, dipping it frequently into wa-
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ier, with tlie view of enabling us to judge of

the polish, and of rendering the action of the

stone more smooth and uniform. Upon this

operation being finished, very fine tripoli, soft-

ened with a little oil, is applied by means of a

bung formed of serge, or doe's skin. The

greasy matter is afterwards removed, by going

over it with piece of soft linen, dipped into

bran or flour,

D nYl
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CHAPTER XXIV.

Of the Art of Dyeing.

THE processes employed daily in our manu-

factures to deprive a body of its colouring prin-

ciple^ and to fix it upon another body, consti-

tute the art of dyeing.

The knowledge of the laws, according to

which all bodies appear coloured, from the pro-

perty which they possess of reflecting the rays

of light decomposed at their surfaces, engage

Yery little the attention of the manufacturer.

His object is merely to extract the colouring

principle, to transfer it to a stuff, and to render

it permanent. It is therefore of essential im-

portance for him to know what is the colour-

ing principle, what is the nature of the stuff on

which he intends to operate, and what are th«

mordants necessary to be employed^ in order to

Tender the colour durable.

m
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SECTION I.

Of the Colouring Principle.

The property which substances possess of

uniformlj reflecting one or more rajs of light

form coloured bodies. These coloured bodies

transferred to a white body, to which they im-

part their proper colour, form^ in this way,

colouring principles.

These colouring bodies transferred to bodies

already coloured, confound or mingle their co-

lours with that of these same bodies, and hence

is produced a mixt colour.

The aptitude, or faculty of reflecting parti-

cular rays, is of little consequence. There are

some bodies which display different colours ac-

cording to the angle under which they are seen;

while there are otliers, the mere pulverization

of which changes the colour, without alteriag

their nature.

Nothing more is necessary to enable us to

form a judgment as to the facility with which

the dispositions of bodies become changed in

their property, of reflecting different, colour"^.
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than to cast a cursory glance on the phenomena

attendant on the oxydation of metals. Thus

we behold successively appearing in them blucj

yellow^ red, and black, from almost imper-

ceptible differences in the proportion of the

oxygen with the metal.

The same phenomena are still more observ-

able in vegetable and animal bodies, the co-

lours of which appear or disappear according

as the light acts upon them.

The colouring principle must not, therefore,

be regarded as a particular colour, existing se-

parately and distinctly from the coloured body.

It is qierely a faculty which the constituent

parts of bodies possess of reflecting particular

rays of light decomposed at their surfaces This

faculty may be variously modified by changes

produced in the arrangement of the molecules,

by the proportions between the constituent

principles, &c.

We cannot forctel what may be the colour

of a compound body, from the nature of the

principles which compose it, when not previ-

ously ascertained by experiment. Frequently

two colourless bodi( s form a coloured com-

jtouiul, as may be observed iit metallic oxyds^
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of which the metal and oxygen are without

colour. IlencCj it appears^ that we can only

ascertain, by a series of well conducted experi-

ments, what colours may be produced by the

combinations of different bodies.

The colouring principles being as numerous

as the coloured bodies, we may readily per-

ceive how limited must be the conception of

those chemists who see nothing but extracts or

resins in colouring substances.

The colouring principles are, every where,

either simple or compound. They are regarded

as simple, when the colour cannot be decom-

posed ; such as blue, yellow% red, to which we

we may add the green and black furnished by

vegetables. They are regarded as compound,

when the colour results from the combination

of several simple, or priuiitive colours; such as

violet, common green, «&c.

It seldom happens that the simple colours,

which, by their combination, form a compound

colour, possess the same fixity, and are acted

on in a similar manner by re-agents ; hence we

are able to decompose a compound colour, and

extract from it the elements separately.

Hence may be explaiiieUj vvliy a green colour
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becomes, in time, blue or jellowj according as

these two principles possess more or less fixity.

By changing the proportions of the ele-

mentary colours, a variety of difl'erent shades

may be obtained ; and in this way, by varying

the mixture of green and blue, all the different

shades from the lilac, to a very deep violet

green, and nearly black, are produced.

The colours of bodies often proceeds merely

from very slight modifications, produced by

the action of light on their surfaces, as may

be seen in the colours of fruits, flowers, and in-

sects.

Sometimes the colour of bodies appear to be

more deeply seated, as in substances, which are

always of an uniform colour, when sheltered

from the influence of air and light. Roots

furnish us with examples of this kind.

In general, the colour of bodies, when pro-

duced by the effects of light, is fugaceous, while

that of substances protected from its influence

is fixed and susceptible of forming good co-

lours.

It may be considered as an established prin-

ciple that colour is so much more durable as

the excipient resists more powerfully the iur>
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fluence of air^ heat, and water. Hence it is,

that resinSj fecula, and metallic oxyds retain

their colours better than mucous^ and extrac-

tive matters, &c.

It must not however be inferred from this

principle, that a good and permanent colour

may not be obtained by employing certain mu-

cous, or extractive matters ; but then it is ne-

cessary to furnish it with a new base, so as to

change the nature of the body, and conse-

quently its affinities.

Hence we are led to conclude, that the fixity

of a colouring principle does not depend on its

inalterability, but on the nature of the mor-

dant with which it is combined, and on the

affinities of this last combination with the stuff

to which it is transferred ; while the change-

able nature of the colouring principle rests on

the character of the excipient in which it is na-

turally held.

In regard to the nature of the coloured prin-

ciples, the solvents ought to be greatly varied

;

water, acids, and alkalies are those most gene-

rally employed. Alcohol is seldom used, ex-

cept when we wish to act on the colour of very

small bodies.
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Of all these vehicles, water is the most com-

moDj because few of the colouring principles

are insoluble in it.

Alkalies are employed to dissolve the co-

[ louring matter contained in indigo, in the

flowers of bastard saffron, «&c.

The acids are used, in some cases, to dissolve

certain colours, and particularly to precipitate

the colouring principles from their solutions in

alkalies.

Much has been written on the effects pro-

duced by waters in dyeing. And nothing is

more common than to refer the brilliancy of

some colours^ and the poverty of others to this

cause.

Without adopting implicitly what has been

published on this subject, it must be allowed

that waters contribute essentially to the quality

of dyes; and v\e may even add, that different

colours, as well as the same colours in different

states, require that waters of very different na-

tures should be employed.

To establish this second proposition, it is

sufficient to take a cursory view of the princi-

pal operations of dyeing. If the object is to

scower, or cleanse any stuff by soap, or alkali^
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the water must be pure ; since otherwise the

soap is decomposed bj earthy salts, and there

is formed a combination of oil and earih, inso-

luble in wafer, and incapable of producing; the

effect expected. The alkali likewise decom-

poses the earthy saline matter, becomes satu-

rated with the acid, and produces no further

effect, while the earth being set free, combines

with the stuiT, and changes its colour.

Still and standing waters are, in general, the

most saturated with earthy saline matters.

Rapid and running waters are much more

pure.

There are nevertheless some foul and almost

stagnant waters which are greatly celebrated

in dyeing, because the puhid animal vegetable

matters suspended in them operate to form

ammonia and sulphuretted hydrogen, which

precipitate the earthy and metallic principles.

Stagnant waters possess moreover the advan-

tage over running waters in washing cotton

stufis, in order to free them from the alum or

oil not fixed in their texture; for, in this case,,

it is necessary to moisten all the parts of the

stuff, equally, to extract from it all the uncom-

biiied murdunt ; and it i- difiicuit to accom-
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plish this end by the employment of runnin<^

water^ without the colour being meagre^ and

blended with different shades.

Clear and running water ought to be pre-

ferred for the cleansing of stuffs when taken out

of the dyeing bath ; they effectually remove

every portion of matter not fixed in the stuffy,

and develop the colour in full perfection.

Waters impregnated with calcareous salts

are particularly prejudicial to the dyeing cot-

ton of a red colour. The lime which is pre-

cipitated by the galls^ alum, and washing, tar-

nish and obscure the colour to such a degree

that it is almost impossible to revive it.

But in as far as calcareous earth tends to

augment the solidity of the red colour and its

modifications, selenitic waters do not prove in-

jurious, where the object is to obtain a dark

colour.

As calcareous salts change scarlet into crim-

son, it is obvious when this colour is the ob-

ject, the use of selenitic waters must prove

more advantageous than hurtful.

Calcareous salts dissolved in water, exclusive-

ly of counteracting a change in colours, possess

the inconvenience of weakening the solvent
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action of the liquid holding them in solution ;

whence it results, that the colouring principle

is dissolved in a less quantity than in selenitic

water.

It appears to me an unquestionable fact,

that the waters which keep the earths sus-

pendedj are less prejudicial than those which

hold them in solution. In the first case they

do not adhere to the stuff, while in the second

they are precipitated by means of a double af-

finity ;, and enter into combination with a mor-

dant wihich transfers and fixes them on the

stuff.

Of all the earthy principles which are found,

in water, lime is the most common, and that

alone which can prove injurious. Alumine

and magnesia never produce any bad effect.

The sulphate of iron is almost the only me-

tallic salt found existing in waters ; and in

however small a proportion it be contained,

it produces very sensible effects upon colours,

particularly upon silk and cotton stuffs ; those

of wool are much less affected by it.

The sulphate of iron acts, especially upon

stuffs that have been subjected to the operation
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of galliug, and produces brownish tints which

modify all the colours imparted to them.

The nature of the colouring principles not

only regulates the choice of the solvents to be

em ployed J but also enables us to assign to each

its proper use.

Thus coloured resins are dissolved in alcohol,

and form the colouring principle of varnishes.

Metallic oxyds when fused with alkalies,

earths, &c. are employed to stain glass, ena-

mels, and pottery-ware.

Oils and fccula are dissolved in alkalies or

lime ; and the extractive principle is transferred

to the stuff by means of water.

As we are yet very little acquainted with

the cause of colour in bodies, we shall confine

ourselves to relate some facts relative to the

mode in which the colouring principle is de-

veloped.

In proportion as oxygen enters into combi-

nation with a metal, its colour becomes

changed, and a difference in the proportions

suffices to produce bhie, yellow, red, black.

The effect produced by the oxygen is more

or less durable according to its affinities with

the metal.
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Sometimes the colour disappears with the

oxygen disengaged by a gentle heat, more

frequently, however, the combination is so in-

timate, that it supports, without suffering any

change, a heat approaching that of vitri-

fication.

Excepting some resinous bodies, and some

extracts, the colours of vegetables are obtained

by subjecting them to fermentation. Indigo,

wood, turnsol, &c. furnish examples of this

kind.

In all cases wherein a blue colour is pro-

duced by fermentation, it appears to me that

carbon acts a chief part. Indigo contains

twenty-three parts of carbon to forty-seven of

colouring matter ; vegetables yield by solu-

tion a carbon of a very fine blue; and it seems

probable that when the blue colour is obtained

by fermentation, the carbonaceous matter is

nearly set free, and remains combined with

an oil, which gives additional fixity to the co-

lour, and indicates the most suitable solvent.

From experiments which I made in 1795,

with the view of addin«: some veoetables to the

list of those which furnish blue colours, I dis-

covered that goafs rue, sainfoin, cJiicIc rcas,.
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and liicern, when treated like indigo^ yielded a

blue colour^ but I did not succeed in precipi-

tating it, which may perhaps be attributed to

the very great proportion of extractive mat-

ter, rendering it viscid, and causing it to froth

in the manner of soap water, after the first fer-

mentation.

This liquor exhales the odour of stercora-

ceous matters in a state of putrefaction.

I have always been of o])inion that by torre-

fying vegetables, so as parlialiy to carbonize

the extractive matter, we might succeed in ob-

taining the coloured fecula ; but hitherto I

have not attempted such a regular series of

experiments, which can alone produce satis-

factory results.

It seems the blue colour is so much more

fixed in vegetables as the carbonaceous prin-

ciple is more abundant.

Vf hen the carbon is combined with an oil,

as in indigo, it is neither soluble in water nor

alcohol; but when the mucous matter is united

with it, as in turnsol, &c. the colouring prin-

ciple is soluble in water alone.
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SECTION ir.

Of Mordants.

Few colouring principles possess such de-

cided affinities as to form a permanent union

with a stuff on contact or application alone.

There are cases where the same vehicle which

deposits the colour can also erase it ; but this

kind of daubing docs not deserve the appella-

tion of di/cing.

Some metallic oxyds, especially those ofiron,

as well as several astringent and resinous sub-

stanceSj are susceptible of contracting a kind of

adhesion to stufts without any intermedia. But

in general the adhesion of the colouring prin-

ciple with a stuff is facilitated by the inter-

medium of a third body which is termed a

inordant.

Most chemists who have written on the sub-

ject of dyeing before chemical science had at-

tained its present degree of perfection;, have ap-

plied the most absurd theories to the action of

mordants.

Hellot conceived^ that the preparation given

VOL. IV. E E
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to stuffs in order to dispose them to receive

the dye, acted by cleaning and opening their

pores ; and he adds, that it is probable the co-

louring particles are encased in these pores in

the same manner as a diamond is set in the

collet of a ring.

Macquer has adopted the same theory ; and

we owe to Bcrgmann and Berthollet the im-

provement of conducting all the operations of

dyeing on the general laws of affinities.

According to the principles adopted by

these two celebrated chemists, mordants must

be regarded as the intermedia of the union or

affinity between the colouring principle and

the stuff.

In combining separately the colouring prin-

ciple with the mordant;, or disposing this last

on the stuff, we produce compounds endowed

with affinities, in consequence of which they

contract an union with bodies, which by them-

selves would have had no affinity with any of

their constituent principles.

The affinity of the mordant with'the stuff,

and with the colouring principle, may be ren-

dered evident by direct experiments.

M. Berthollet has shewn that wool boiled

with alum decomposes a portion of this salt^

I

I

I
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and combines with the alamine ; he has slicwri

further, that the undecomposed portion of the

aluiii;, dissolved a Uttie of the animal sub-

stance.

The same chemist has demonstrated that

cream of tartar and alum are not decomposed

by boiling, tliough the cream of tartar is ren-

dered more soluble by this mixture. He adds,

that when a mixture of these two salts

are boiled with wool, a decomposition takes

place, which proves that the wool acts as an

intermedium.

Wool boiled with alum alone is hard to the

touch, but treated with cream of tartar and

alum it feels soft, and receives a fuller and

more vivid colour.

The decomposition of alum by animal sub-

stances dissolved in alkali, prove that alumine

combines with them. Thus, if a solution of

alum be mingled with isinglass, and precipi-

tated by an alkali, the alumine unites with the

gelatine, forming a semi-transparent body

which dries with difficulty.

The decomposition of alum is not so readily

produced by vegetable substances ; though the

astringent principle certainly decomposes it ;

E E 2
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and when this principle is deposited on a stuff^

which after being dried is put into a solution

of alum, a combination takes place between

the alumine and tannin.

In this case the concurrence of animal and

vegetable substances produces a more perfect

decomposition of the alum, as is evident in

the preparation to which cotton cloth is sub-

jected, in order to render it fit to receive a

madder red.

To demonstrate the great affinity between

alum and the colouring principles, it is suf-

ficient to observe, that it forms the excipient of

all the colours known in the arts under the

name of lacs.

When any coloured body is boiled in a so-

lution of alum, and precipitated by an alkali,

the alumine combines with the coloured preci-

pitate and forms a lac.

Alumine, according to the method of M.
Thenard, may even be very intimately mixed

with metallic colours, such as prussiate of iron,

oxyd of cobalt, &c.

In order that any body be fit to act as a

mordant, it is not sufficient that it possess an

affinity with the colouring principle,, or with
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the stufF; it must also be perfectly white, other-

wise its colour, mixing with that of the colour-

ing principle, would thus produce a mixed

colour.

There are cases, however, in which certain

bodies can serve at the same time as a mordant

and a colouring principle; thus the oxjd of

iron is employed along with a madder red, in

order to dye cotton violet, and which, if em-

ployed alone, would produce a very deep nan-

keen colour.

Mordants ought to be little subjected to

change by the action of the air and water ; as

otherwise they render the colours cloudy.

We must not judge of a mordant, disposed

on a stuff, and combined with the colouring

principle from its original properties, as the

new combination imparts to it new qualities;

and it is according to them that an opinion

must be formed respecting it. Thus, for e-xe

ample, alumine which is very soluble in xed

alkalies, when uncombined with any other sub-

stance, becomes insoluble when, in the cotton

prepared for Adrianople red, it is united with

tannin and oil.

At present the two mordants most fieneraliy
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employed are^ alum and muriate of tin. By
decomposing alum by the acetate of lead, an

acetate of alumine is obtained, which is prefer-

able to alum, because the alumine is more

easily disengaged from it, and the acid thus li-

berated is less corrosive.

The oxyd of tin possesses very marked affi-

nities with the colouring principles, of which

it heightens the colour, especially those of

scarlet and madder red.

The oxyd of iron displays more decided af-

finities with the stuffs, with which it combines

in an almost indelible manner.

But as it is naturally coloured, it can only

be employed in dyeing compound or mixed co-

lours ; in this last case the colour is harsh,

unless it be softened by dipping such red stuffs

in a solution of alum saturated with potash.

The oxyd of copper is also employed as a

mordant, but most genemlly in conjunction

with iron in djeing black ; sometimes it is

used alone in dyeing cotton of a yellow

colour.

Lime, and all the calcareous saKs may be

considered as mordants ; it is true they darken

or obscure reds, but they give a brilliancy to
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the astringent principle, heighten blues, par-

ticularly metallic blues, and impart fixity to all

colours.

The most complicated mordant employed int

dyeing, is that used for the iidrianople red ; it

is composed of alumine, oil, and the astringent

principle. This combination of three bodies,

which is successively formed by the numerous

operations to which the cotton is subjected,

possesses none of the properties of the three

constituent bodies. And though the madder

red may be fixed by any one of these three

substances separately taken, yet the same de-

gree of fixity is not imparted to it as when this

triple combination is produced.

The best mordants are those which have not

only a decided affinity with the colouring prin-

ciple, but also with the stuft"; and it is this pro-

perty which renders alum preferable to all the

other salts; but, as in general they have a

greater affinity with the colouring principle

than with the stuff, we first apply them to the

stutf, and afterwards expose it thus prepared

to the action of the colouring principle.

If we pursue a contrary course, a lac will be

formed, or the affinities between the alum and
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the colouring principle will be saturated, anc^

exert no further action on the stuff.

The mordant then applied to a stuff, first;

exerts its action on the stuff and combines with

it ; after which it attracts and retains the co-

louring principle.

The stuff can only imbibe a certain portion

of alum, so that when it is completely satur-

ated with this salt, it ought to be rinced

through water, in order to free it from that

portion of the alum which is not fixed ; since,

without this precaution, the superabundant

alum will remain in the bath, and absorb the

colouring principle, to the prejudice of the

stufi'.

When the stufl' is not washed after the pro-

cess of aluming, it is boiled in the solution, or

preserved wet for some time, in order to pro-

duce a more intimate union between it and the

alum.

These processes are only proper for the pre-

paration of woolen stuffs, which have more affi-

nity with alum than those made of cotton or

flax.

The afiinity of mordants with the stuff", is

sometimes so great, that nothing more is ne-
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cessary but placing it in their solution^ in pi:-

der fully to impregnate it with them.

Cotton dipped in a solution of sulphate of

iron, for example, almost instantaneously as-

sumes a nankeen colour ; and when the oxyd

ii5 suspended in the solution, it is sufficient to

put the cotton into the bath for a short time,

to fix it on the stuff, and to render the bath

perfectly transparent.

Although it is the general practice to im-

pregnate the stuff with the mordant before the

application of the colour, there is nevertheless

exceptions to this rule ,* for example, in the

manufactures of printed linens, when the ob-

ject is to impress on the same stuff several dif-

ferent shades of blue, they first apply the co-

lours with glue, and afterwards dip this species

of painting successively into lime water, the

solution of the sulphate of lime, and the lixi-

vium of potash.

When the colours are fixed by this means,

the stuff is transferred into a bath, slightly

acidulated by sulphuric acid, which purifies

and whitens those portions of the stuff which

have not been printed.

The mordant generally unites two proper-
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ties, that of fixing the colour, and imparting

to it brilliancy.

If cotton, impregnated with the acetate of

ahniiine, be dipped into a bath of quercitron,

of a muddy dull colour, we see it immedi-

ately assume a brilliant yellaw cloud, at the

same time that the cotton becomes coloured.

When this composition is poured into a

bath of cochineal, the colour instantaneously

changes, and acquires the beautiful tint na-

tural to scarlet.

In this case, the oxyd of tin combines with

the colour, and forms a compound, having

such a strong affinity with the wool, that it is

sufficient to plunge it into the bath> that it

may extract all the colour.

In the dyeing of some colours, it is neces-

sary to employ separately one mordant for the

stuff, and another for the colouring principle.

For example, when we wish to impart a crim-

son colour to wool, the stuff is prepared with

5 oz. of alum to the pound of stuff; and the

colouring bath is composed of 5 oz. of cochi-

neal, and 2 ounces and a half of tartar ; to

this mixture is added, after it has reached the

boiling point, 10 ounces of the solution of tin.
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SECTION III,

Of the J^ature of Stuffs.

All stuffs, subjected to the dyeing process,

are formed either of animal or vegetable sub-

stances.

Wool, and silk, must be ranked in the first

class ; cotton, flax, and hemp, belong to the

second.

Wool and silk are extremely soluble in alka-

lies ; cotton, hemp, and flax, resist very strong

lixivia of these salts.

From these differences it follows

:

1. That animal wool, or stuffs, cannot be

scoured by means of alkalies.

2. That they cannot be impregnated with a

mordant, of which alkali serves as the vehicle,

as is practised in respect to cottons.

3. That it would be improper to heighten

any colour imparted to wool, by potash or

soda.

Wool and silk are more easily acted on by

acids than vegetable stiilft ; very dilute sul-

phureous acid burns them rapidly ; the nitric
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acid yellows them by an incipient combustion.

The use of mineral acids are therefore highlv

improper in dyeing animal substances ; while

they may be employed with perfect safety in

the dyeing of vegetables.

Animal stuffs have a greater affinity with

the colouring principles than those formed of

vegetable substances. It is sufficient to plunge

wool, or silk, into a dyer's bath, to impart to

them a very good colour, A similar immersion

of a cotton stuff produces only a daubing,

which is easily washed out with water, leaving

scarcely a trace behind.

Animal stufis have also a stronger affinity

with mordants than vegetable stuffs. Alum is

decomposed by simple boiling with wool, but

it experiences almost no change on being sub-

jected to the same process with cotton or flax.

Alum applied to wool acts as a mordant, but

cotton must previously be galled before it can

decompose the alum.

Each of these stufl's have their peculiar tnor-

dants; the oxyd of tin combined with cochineal,

possesses not the smallest affinity with cotton ;

while the oxyd of iron has, in its turn, a,

greater affinity with cotton than with wool.
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Wool and silk appear to be of a more por-

ous nature than cotton^ flax, and hemp ; since

they are more penetrable by water^ and retain

ill their substance a greater quantity of that

fluid.

We also succeed in imparting to these first

substances very full, deep colours^, with little

preliminary preparation.

The cause of the differences between vege-

table and animal substances^ appears to pro-

ceed in a great measure, from the former con-

taining more carbon than the latter. This

principle, which is very dry, compact, insolu-

ble, and nearly indestructible, has little affinity

with the colouring principles ; and it is neces-

sary to cover it with a stratum wholly foreign

to the mordant, and especially to the oily mor-

dant ; in order to impart to it the property of

fixing colours.

Independently of the striking characters

which completely separate animal and vege-

table substances, various modifications exist

among diffcre -.t substances belonging to the

same cla-s ; silk, for example, appears to be

less aniraalized than wool ; it is less easily act-

ed on by alkalies^ appears less porous^, and
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gives more brilliancy to the colouring prin-

ciples.

Cotton is more easily dyed than flax, and

flax than hemp ; these two last substances are

acted on with greater facility by acids than

the former. From all which it is evident, that

the dyeing process ought to be varied, not

only in relation to the two principle divisions

we have established, but that it also requires

to be modified according to the peculiar na-

ture of the different stuffs belonging to each

class.

SECTION IV.

Of the Preparation of Stujfs.

Wool, silk, and cotton, are naturally clothed

with a substance insoluble in water and al-

cohol.

Nature appears to have covered tbeir fila-

ments, so to speak, with a varnisb, to preserve

them from the action of water, and while this

species of covering exists, the threads of wool,

silk, and cotton, are impenetrable by this

fluid.
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Thus, ill order to dispose these substances to

receive a colour, each filament must be previ-

ously freed from the covering of which we

have spoken.

This preliminary operation is knov/n under

the name of scouring vvhen applied to stuffs

intended to be dyed ; and lleacliing when our

intention is to impart t(^them a high degree of

whiteness.

As the operations of bleaching are strictly

connected with the process of dyeing, we shall

here enter into some details concerning them.

1st. Wool is naturally covered with a greasy

substancCj which hinders it from imbibing co-

lours, and renders it impermeable to water.*

In order to cleanse woolen substances, and

free them from this grease, they are put into

tepid water, to which a quart of stale urine is

added ; and after being rubbed and Jiandlcd,

are taken out and hung up to drip. They are

then transferred into baskets, fastened in run-

ning water, and trodden with the feet till the

water assumes a milky appearance ; when they

* Reaumur has observed, that it is sufficient to mb the

greasy matter of wool on a stuff, to prevent it receiving

any dye whatever.
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are again dripped^, and exposed to the air by

spreading them on a sand bank until perfectly

bleached.

In Spain, and at present in France^ they

omit the urinC;, and carefully wash the wool in

a bath of water;, so much heated that it is pain-

ful to keep the hand in it for any length of

time ; the same water is employed for washing

diflerent parcels of wool, until the liquid be-

comes perfectly thick and greasy.

In the first case, the ammonia contained in

the urine forms a soap, which is m ashed out

by the water ; and the action of the air, and

humidity complete the whitening.

When it is intended to give to silk that beau-

tiful whiteness it receives at Lyons, it is sub-

jected to three different operations.

1st. C/cm/.s/;/o-, which consists in putting the

silk into a solution of 30 parts of soap to 100

of silk, brought nearly to the boiling point.

2d. Boiliug, this is performed by boiling the

silk for one hour and a half in a weaker solu-

tion than the former.

3d. Bleaching, which is accomplished by

placing the silk in a strong solution of soap.

At Lyons, the silk is exposed to the fumes
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of siilpluir, with theview of rendering itwtiiter.

and impartino' to it greater brilliancy. To thig

purpose the silk is hung on long- poles disposed

in an apartment from which air is, as much

as possible, excluded. The sulphur, previously

put into an earthen vessel, is then lighted and

kept burning during twenty-four hoursj at the

end of which the chamber is opened, and the

silk left to dry. This last process is never used

for silks that are to be dyed.

The use of soda, and that of water heat-

ed, in close vessels, beyond the boiling point

has been repeatedly proposed for whitening

silk, but though frequently tried, their use is

wholly relinquished, which proves that they

are less advantageous than the former prac-

tices.

We owe, to Beaume, the discovery of a pro-

cess, by which the natural stiffnes of tlie sijk

is preserved, while it is rendered perfectly si-

milar to that of nankeen with which they ma-

nufacture gauzeSj blond lace, ribbons, &r.

This process consists in digesting for twelve

hours, 6 lbs. of silk, in a mixture of 48 lbs. of

alcohol at SO degrees, and 12 oz. of muriati/:

acid, at 15 degrees of concentration.

VOL IV. F F
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This liquor is poured off Avhen it has lie-

comed slightlv coloured^ and replaced >vitli al-

coholj which we pour over the silk till no more

colouring matter passes off along with it. It

is then covered with a similar mixture of al-

cohol and acid as at firstj which is allowed to

stand on it tw o or three days, or until the silk

be perfectly white. It is then freed from anj

remains of the acid^ and alcohol by washing it

in cold water.

The silk bleached by this method^ and loosely

dried, is w ithout lustre. It ought to be strongly

extended while dripping wctj and left to dry

in this state of extension.

2. When treating of the oxy-muriatic acid

we described the bleaching process in which it

is employed ; and shall at present, therefore,

©nly notice the ancient methods^ which are'still

practised in several cottoUj linenj and heaup

bleach-fields.

Cotton is more easily freed from its natural

colour than either flax or hemp. Cotton fa-

brics, after being carefully washed in hot water,

are placed in a copper one above another, care

being taken to keep those stuffs uppermost

which are most difficult to whiten. The whole
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J5 covered with a layer of ashes, which are wa-

tered by the lixivium rendered caustic by lime.

This lixivium, which is poured on cold, filters

through the ashes, and gradually penetrates

the cotton. It is afterward rendered tepid, and

when it flows in this state into a bucket placed

under the tub for the purpose of receiving it^

we then throw boiling water over the whole.

This process is continued for twelve hours ; at

the termination of which the cottons are care-

fully washed, and exposed for several days in

the bleach- field.

I have already described the method prac-

tised in the Levant, and which I introduced

into France, for bleaching cotton by evapo-

ration. This process appears to me preferable

to all others with which I am acquainted, in

point of simplicity and economy. It was this

which gave birth to the idea of employing

it in washing linen ; and the experiment

made in the wash-house of Messrs. Bavvens, at

Bons-Hommes, upon three hundred pah* of

sheets from the Hotel-Dieu at Paris, proved

that they were better washed, and at one half

of the expence incurred by the usual method.

This mode of washing has since beea brougbt

ff2
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into very general use hy the exertions ofMessrs.

Cadet de Vaux and Curaudau.

Bleaching; linen and hempen cloth is much

more difficult than that of cotton ; the prin-

cipal bleach- fields of this kind are in the an-

cient provinces of Beauvoisis^ in Flanders, and

in Picardy.

Although the bleaching process everywhere

consists in the alternate action of alkalies, air,

and water ; it nevertheless admits of various

modifications, according to the nature of the

linens or thread subjected to it.

For example, in the vicinity of Beauvais,

the cloths are of an excellent texture, and of a

reddish grey colour. Here the operation is

begun by soaking the cloth in river water, and

afterwards extending it on the field to dry.

It is next carried to the wash-house and

lixiviated in the following manner. Tubs four

feet high by six inches in diameter are pro-

vided, in which the cloth is laid, care being

taken to place those pieces uppermost which

require the strongest ley. The whole is cover-

ed with a piece of thin coarse linen, over

which is laid a stratum of ashes, and over

this is thrown several buckets of warm wa-
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ler, and afterwards a bailing lixivium, com-

posed of soda, pot-ash_, and the salt procured

from the combustion of the stalks and leaves of

tobacco ; the lixivium flov^s out through a bung

hole formed in the bottom of the tub. This

process is repeated five or six hours daily for

several successive days, the cloth being* taken

out of the tub every morning at four o'clock

and spread in the field, w^here it remains until

mid-day. These alternate exposures and wash-

ings are continued for fifteen or sixteen days.

The linen is then soaped by the hand or in

fulling mills, and again spread out in the field,

from which it is once more taken and put into

milk. These operations are repeated five or

six times, till the cloth has acquired the requi-

site degree of whiteness. With the view of

imparting a gloss it is put through water starch

and calendered before being perfectly dry.

The flax produced in the greatest part of

Flanders is fine, long, and extremely beautiful.

From the nature of the water in which it is

soaked, it acquires a silvery hue which distin-

guishes it from all the other flax. It is with

this flax spun by the hand that they manufac-

ture the finer kinds of cloth.
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In the bleachiiig-houses in the neighbour-

hood of Valenciennes, the linens are soaked

in water for two or three days, and after-

wards placed in a large tub. They are covered

with a piece of coarse linen, over which is

laid a stratum of soda half an inch in thick-

ness. This stratum is covered with a second

clothj on which is poured a heated lixivium

of soda/ and afterwards some of the same liquor

brought to the boiling pointy which penetrates

the mass and flows through the bottom of the

tob. This water is collected for further use.

This process is continued throughout the

night, and at day break the cloth is extended

in the field and occasionally watered till noon

;

when it is replaced in the tubs and subjected

to a second lixiviation; these operations con-

tinue during forty days. At the end of this

period the cloth is soaked for twenty-four

Jiours in a tub filled with sour milk, after

which it is soaped, carefully washed in run-

ning water, and dried in the shade. It is

then star^^hed and calendered as already men-

tioned.

. Jn Lower Picardy, where the flax is less find

than in Flanders, the cloth is of a worse tex^;

iure aod of a greyish brown colour.
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-'These linens are first soaked in running

water, and afterwards macerated in coppers

filled with water mixed with chalk or slaked

lime.

They are next dried in the field and alter-

nately lixiviated;, and exposed to the actioa

of the atmosphere, as at Beauvais, except that

the lixiviation is less frequently repeated, and

the cloth remains longer exposed in the field.

When tlie linen is strong and coarse, it is

again put, after the first lixivium, into the lime

or chalk water.

In Picardy, sour milk is never employed ;

they merely rest satisfied with washing the

cloth with soap at the end of the operations,

and exposing it in the field if it be not suffi-

ciently white.

These linens are not of such a beautiful white

as the former, but they are less injured, and on

that account .are preferred in commerce.

When a small quantity of thread is to be

bleached, the skains are put into pots with al-

ternate strata of soft soap. It is then placed in

a stove or in a warm apartment for twenty-

four or thirty-six hours, when the tliread is

taken out of a most beautiful v/hiteness. If it
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be not perfectly whitened bj this first opera-

tion it must repeated.

To the cotton, linen^ or hempen fabrics in-

tended for dyeina;, it would be useless to give

that degree of whiteness; all that is necessary

in this case is carefully to cleanse the stuifs, that

the mordant may more readily penetrate into,

their pores, and that they may imbibe with

greater facility the colouring principle. A hot

alkaline lixivium is sufficient for this purpose.

SECTION V.

Of the Preparation of the Colouring Principle.

The bleaching or cleansing of stuffs imparts

to them two qualities which fit them to receive

the colour ; the facility of being more easily

and more uniformly penetrated by the mor-

dant, and the colouring principle ; and the

property of not altering by their own peculiar

colour that which is imparted to them.

But it is not sufficient to prepare the stuff,

it is also necessary to dispose the colour to pe-

netrate it; and we succeed in this by different

means, all ofwhich however must be sought for
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either in the nature ©f the colouring principle

itself, or in the mode which we follow in ap-

plying the colour.

There is no colouring principle, whatever

may be its affinity with a stuff, which can pro-

duce an uniform and consistent colour, unless

it be applied to it in a state of perfect so-

lution.

To produce this solution the colouring mat-

ter must be miiuitely divided, and a solvent em-

ployed suitable to the nature of the colouring

principle.

The first object is obtained by triturating

the colouring matter in a mortar, or by means

of a muller, and afterwards passing it through

a fine sieve, that no gross particles may es-

cape notice.

Colouring matters are in general divided

most speedily, {Perfectly, and easily, by the ex-

traction of the colour, so that a finelv pulve-

rized colour, saves time, fuel, and the men-

struum in which the solution is eft'ected.

The methods by which the division of co-

louring substances are produced, vary accord-

ing to the consistence, the nature, and the

volatility of the matters on ^\hich we operate.
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Madder which is not very hard may be

either bruised or cut with a knife. It cannot

indeed be ground under a muller, except when

in a perfectly dry state.

When the madder is sold in powder, it is of

three different qualities, the worst is that pre

pared from the outermost bark, the second is

that made from the inner portion of the root,

and that of the best quality is procured from

a mixture of the ligneous substance of the plant

with a small portion of the inner rind or bark

of the root.

When hard woods are employed, such as

JogwGod, fernambu€ yellow wood, they are

reduced to chips or scales by means of a sharp

instrument. In Holland and Britain the hard

woods are ground in mills erected for the

purpose.

These woods which are extremely useful, and

even necessary in dyeing, are penetrated with

so much difficulty by liquids, that they require

to be steeped a long time, and even boiled for

several hours, in order to render their pulveri-

zation accurate.

The barks, such as those of the quercitron, do

not require such a great apparatus; it is per-
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fectly sufficient to bruise them under mullers,

jin a manner similar to that by which tan is

ground.

Cochineal is pulverized in wooden mortars,

and some dyers add to it cream of tartar, with

the view of facilitating the extraction of its co-

lour in the bath. In whatever manner pulveri^

zation is performed, a subtile powder is how-

ever diffused through the work-shop where this

operation is performed, which, besides proving

injurious to respiration, occasions a considera-

ble loss to the manufacturer, jparticularly if

the article be expensive.

To prevent this loss the operation of pow-

dering should be performed in covered places^

and the matters be moistened with a small por-

tion of water ; this is the method practised in

bruising, indigo which is wetted with a small

quantity of water, and often with the lixivium

of pot-ash ; but this is the only case in whieh

this alkali is used as a solvent.

As soon as the colouring principle is properly

divided, it may be dissolved without further

difficulty. But as all these principles are not

of the same nature, one solvent cannot be em-
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ployed for the whole of them. All known sol-

vents, however^ may be reduced to four or five,

water, alkalies, acids, alcohol, and oils.

ARTICLE I.

Preparation of the Colouring Principle bi/

Water.

Water, of all the other solvents, is the most

generally applicable; with the exception of

some colouring principles of a resinous and

starchy nature, it dissolves every other; and

possesses the advantage of only contracting a

slight union with the colouring principle, so

that it may readily be deprived of it, and again

become limpid.

Warm water extracts a greater portion of

the colouring principle than cold water. But

all colouring principles do not require the

same desiree of heat ; some of them can best

be dissolved by a long protracted solution, and

others require a very gentle heat. It is, however,

necessary to ascertain the degree of solubility

of a colouring principle at a determined heat.
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in order to regulate these operations ; too long

boiling, or too great a beat tarnishes the bril-

liancy of some colours ; while, on the contrary,

too low a degree of heat frequently extracts

only one part of the colouring principle. A
knowledge of these circumstances is absolutely

necessary to the dyer, to enable him to conduct

these operations.

We have already spoken of the different

kinds of water employed in dyeing, and shall

here only add, that in some d3'e-houses they

correct the bad quality of the water by min-

gling with them a composition of bran and

water, previously fermented and soured.

When the coloured matters very finely di-

vided in the bath become so closely attached to

the cloth that they cannot be completely wash-

ed out, dyers are in the habit of either straining

the bath before it is employed, or of inclosing

the coloured substance in a bag, in order that

the colouring principle alone may be dissolved

in the bath.
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ARTICLE II.

Freparaiion of the Colouring Principle dt/

Alkaties,

Alkali, under which we comprehend lime^ is

employed a? a solvent of several colours. In*

general those colours produced by fermentation

are less soluble in Avater than in alkali, as may

be observed in indigo, woad, &c. Boiling water

dissolves only a ninth part of its weight of in-

digo; woad communicates very little colour

to this fluid, and annotto can scarcely be dis-

solved in it at all, without the aid of alkali.

Alkali is besides employed as a solvent of

some resinous colouring principles^ such as

that of the bastard saffron.

We shall shortly notice in what manner, by

tl>e aid of this solvent, we can prepare a colour

to be applied to a stuff.

The svorkmen term an indigo vat, that co-

lour which is prepared by a solution of indigo

without any mixture of woad, and in which

the indiffo is dissolved bv means of alkalies.

In order to prepare the indigo vat, 3 kilo-
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gTammes, (equal 6 lbs. 9 oz. 15 dr. avoird.

)

of ashes made with dried dregs of wine, an

equal quantity of bran, and;, ,%67128 hecto-

gTammes, ( 10 oz. 8 dr. avoird.) ofmadder, is

diffused in 40 buckets of water *,

This mixture being brought to the boiling

point, they add to it 3 kilogrammes, (equal

61b. 9 oz. 15 dr. avoird.) of indigo previously

triturated with water, and after carefully stirring

it, cover up the vat The stirring is repealed

every twelve hours until it become blue, which

usually happens at the termination of forty-

eight hours.

The bath is usually covered with a blue froth

or flocculent matter.

This vat is not only employed for dyeing

wool, but also silk; in the last case, however,

it is necessary to augment the proportion of the

indigo, from the greater difficulty with which

the silk receives this dye. When we wish to

impart a full blue to silk, we prevics.isly impart

* As an example, I am forced to describe a process I have

seen performed with advantage. The quantities naay vary

in different workshops, but the proportions are alwstys th-^

Bame.
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to if a ground of sorrel, and then immerse it in

a strong indigo vat. Guhliche describes a cold

\at for dyeing silk, composed of I lb. of indigo

triturated with water, to which is added 3 lb. of

lime slaked in the air ; this mixture is agitated

and left to repose for some hours, after which

thej put into it 31b. of suli hate of iron; the

vat is then well stirred up, and covered for

some hours, at the end of which 1 lb. and a half

of powdered orpiment is mixed with it, and it

is once more left at rest ; the silk is put into it

when the liquor appears clear beneath the scum.

Tliis vat may be employed for the dyeing of

linen and cotton, as well as silk.

Cotton and linen are very expeditiously

dyed in a vat composed as follows : three drams

of pulverized indigo to a pint of soap-boiler's

ley, marking from 15 to 18 degrees of concen-

tration, is boiled in a caldron ; and when the

coloured particles are sufficiently penetrated,

six drams of powdered orpiment is put into the

batli ; it is then raked, and in a few minutes be-

comes green, throws up a blue matter^ and is

covered with a pellicle; the whole is diluted

with a greater quantity of water, after which

it is fit for immediate use,
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Sulphuret of antimony may be employed in

place of the orpiment ; but in this case I have

never found the colour equally bright and

vivid.

The vat in which orpiment is mingled dif-"

fers from the other in no respect but in con-

taining a less portion of indigo. M. Haus-

mann prepared a bath with 200 lbs. of water>

SO lbs. of potash, 12 lbs. of quick-lime, 12 lbs.

of orpiment, and 16 lbs. of indigo. A lixivium

is prepared with the three first articles, and

afterwards thickened with the gum.

Hellot has described two vats in which the

indigo is dissolved by means of urine, which is

used in a very great proportion. In this case

it is evident, that the ammonia acts as the sol-

vent ; but these methods are now no longer

useful, since they are less expeditious, and not

attended with equal advantage as the tvoad and

indigo vats.

Quick-lime is sometimes substituted instead

of alkalies. Bergmann recommends a vat pre-

pared by slacking 6 drams of quick-lime, in as

small a portion of water as possible ; in which

there is afterwards poured a solution of 3 lbs. of

VOL, IV, G G
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sulphate of iron, and, 3 diaras of pounded in' -

go, in 2 lbs. of water. In two or three hours

this vat is lit for use ; it onlj answers for the

djeing of linen and cotton.

The joint action of lime and alkali is em-

ployed in several cases, in which a solution of

indigo is required ; thus in djeing cotton, 10

kilogrammes (equal 221b. loz. 2 drams avoir-

dupois) of indigo is macerated in a strong

caustic lixivium. They afterwards bruise the

indigo, at the same time pouring into the vat

about three hogsheads and a half of water, and

introduce into it 10 kilogrammes (equal 221b.

1 oz. 2 drams avoirdupois) of quick-lime;

when tlie lime is extinguished they rake the

copper, and dissolve in it IS kilogrammes

(equal 41 lb. 12 oz. 10 drams avoirdupois) of

sulphate of iron ; wljcn the solution is com-

plete they throw in the ground indigo. The

vat is raked seven or eight times the same day,

and after being left at rest for thirty-six hours,

it is fit for use.

The celebrated woad vat, so generally era-

ployed for dyeing blue, is more complicated than

any we liave hitherto mentioned. As tlie opera-
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tions vary in dilf.Te.it uyo -houses, I shall de-

sci"be that which in mj opinioa is the most

perfect

Foiir hundred pounds of woad well divided,

is put into a va.t seven feet in depth, b}' five

feet in d'a-neter.

Thirty pounds of woad is (hen put iot » a

caldron, to which, after three hours b.uli*!^,

they add twenty pounds of m idoer, and an

equal quantity of bran. The ^bulliii , is af-

terwards continued for ba}^' an 'O sr, when the

bath is recruited vvith twenty buckets of va( t.

Tlie woad is withdra'^ n and the ba^'i alljwei

to become clear, after which it is poured into

the vat ; the vat is tbe '5 ralied for half ai hour;

after which the tub is c(.ver-:id, a.d at the end

of six hours, agiin raked during another half

hour.

This operation is renewed every three 'lours.

When the blue appears in stf^ai'is ou the sur-

face of the liquor, eight or nine pounds of

quick-lime is mixed in it, which the worktn^'n

term giving bottom to the vat. This liquor is

of a deep blue, and evhales acrid vapours.

They likewise introduce into it indigo tri-

turated with water^ which is useJ. iii the pro-

G G 2
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portion from 10 to 30 lbs. according to the

shade of colour we wish to procure.

The vat is raked from time to time until the

blue froth already mentioned be formed on its

surface, when it begins to work.

It is then covered with its lid, and some thick

blankets, to prevent it becoming cold ; after

the madder is added it is never uncovered but

during the time it is raked. When, however,

notwithstanding these precautions, the heat

suffers much abatement, we draw off a portion

of the liquor from the heated bath, and pour it

boiling into the vat.

When the lime is used in too great or too

small a proportion, it produces troublesome ac-

cidents ; in the first case the cc-lour becomes

black ; the odour is pungent, and the stuff im-

mersed in the bath comes out of a pale grey

colour. In the second case, the colour becomes

rusty, the matter at the bottom is raised up,

the odour is fetid, and in fact a state of putre-

faction has taken place.

The first state of the vat is corrected bv add-

ing to the liquor madder bran, urine, tartar,

&c. ; by re-heating it, leaving it at rest with-

out having been raked ; and by throwing rnto

it one or two basketsful of fresh woad.
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The putrefactive state of the vat is correct-

€!d by the addition of lime;, and by rakeing, &c.

If annotto be boiled in an alkaline lixivium,

its colour becomes of a bright agreeable yellow,

which can be rendered of different shades at

pleasure, by destroying, by means of citric acid,

or alufflj the effect produced on it by the

alkali.

In dye-houses where much annotto is em-

ployed, it is put into a copper cullender with

very small holes, after having been broken down

into morsels, and the whole immersed in a cop-

per filled -with tepid water. The annotto is

stirred and diffused by a stick in the form of a

pestle, and passes into the ba-th through the

holes of the cullender. This strainer is then

j&Ued with ashes from the dregs of wine, which

is treated in the same manner, after which the

bath is well stirred, and made to boil up two

or three times, when the bDiling is stopped by

throwing in cold water.

When the bath is not sufl5cientiy alkalized,

it produces a brick or tile colour ; in which

case an additional quantity of alkali is added,

it is made to boil up, and the boiling stopped

us before with cold water.
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Th*^ r*^ 1 'i :'e> Of basiaid sa5Von, is likewise

d'-' .'< '» iikalies ; for ihis purpose it is freed

fiorn i •»
,
"llow colour by carefully washing it

ill iuuni ^ water, liavinj;' previouslj inclosed

it in a btron.;, iiiien biii:; the residuum is then

P'lt into a fir tub or vat, aud aficr being ac-

ciiraiclj divided, is sprinkled over with the

ashes hist mentioned, or wiih sifted soda, in the

picportion of .-ix per cent of the sa^Von; it is

stirred durirg- this addition, and afterv/ards

tiodJen y. ith the id. t

AfLci* t'.'ls operation tlie saffion is put into a

\'e!-.s 1 teruicd a, ..rit;^, of A\hich tlie bottoiii i^

forii i <.' bj v^oodcn bars laid acrcss each otliorj

and iinea with a thiek linen cloih. This sieve,

fcl.'ed v/ith the safiVon, is placed over a tub,

and coKi water poined into it. Ihe water car-

ries ci'x k.he a'Lrtli, V/V which the colouring* }u in-

ciple is held ni soi'-uor, and ve coniinuc to

pour in more vater ii\\ it ct mcs on perfectly

linifid; an adiUficuil alkali pr?it.or> is then

a'^'ded lo the remainrtg- svAi.Mt. a u . >< v ash-

ing renewed ti;l tlie Vk iitue v.v the ( Plour is ex-

trnrfed. The cuh.!uriitg piiiicii.ie is ..Uer-

Wi.it,s
[
.trij.i iited fioni ihr aJsaii bj, uh apfS of

anix(.. , ll: viuK is lUubi tou.iiiOiJy euipiO^ed

fOi ii.l- P' I ^x>^v.
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ARTICLE III.

Preparation of the Cjlouriiig Principle hj/

Acids.

Acids are sometimes employed as solvents of

colouring principles. The chemical blue of

P(€rner, or the Saxon Hue of dyers, is a solu-

tion of indigo in concentrated sulphuric acid :

with the view of prcpiiring this dje^ 4 ounces

of indig-O;, of the hest quality, is put into a

flask or well glazed earthen vessel, and one

pound of concentrated sulphuric acid poured

over it. After being well shaken, it is left to

repose twentv-fou.r hours, when 8 or 9 pounds

of water is added to it.

Bergmann, who has had much experience on

this subject, rec'oniniends eight parts of water

to one of indigo.

This blue penetrates into stuffs with dilH-

culty, and it is in order to correct this fault

that Messrs. Quatremere and Pcerner have re-

commended an addition of potash, in the pro-

portion of about a sixteenth of the acid. The
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alkali renders the colour more lively, full;, and|

penetrating.

This solution can only be employed for dye-

ii3g wool ; for though when employed for silk

it resists the action of water, it is readily washed

out by means of soap. Linen and cotton only

acquire a pale shade in this dye.

Bergmann insists on the necessity of em-

ploying the strongest concentrated sulphuric

acid in the preparation of this colour. It may

be used with great success when of the weight

of 19 to 10 of water. I have had frequent oc-

casion to observe, that when the sulphuric acid

contained the smallest portion of nitric acid,

the colour of the indigo changed to green. -

Guhlichc has proposed to extract the colour

of yellow wood, broom, tumeric, &c. by means

of the aceto-citric acid, simple acetic acid, or

any other of the vegetable acids.

To prepare the aceto-citric acid, he cuts into^

finger-lengths, citrons deprived of tb.eir skins,

which he sprinkles over with good vinegar, and

afterwards expresses, the juice by means of a,

press. The expresstd juice is then filtered

through paper, and exposed to the sun to cause

it to deposit the gross matter; after which it is
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refiltered and distilled in a sandbath^ till oily

streaks begin to appear on the neck of the

cucurbit.

This chemist aluminizes without heat one

pound of silk for 12 hours^ in a solution of

2 ounces of alum; and he afterwards dyes it

in a bath composed of2 ounces of turmeric, and

one part of aceto-citric acid to 3 lbs. of water.

He prepares the wool in a weak solution of

alum^, to which he adds a small portion of mu-

riatic acid ; ihe colour bath is prepared of

jellow-wood, &c. dissolved in a vegetable acid,

and a small portion of the solution of tin.

Guhliclie likewise proposes to extract the

colour from turmeric, by covering the chips of

this wood with acetic acid^ or aceto-citric

acid ; he afterwards shakes the mixture, and

leaves it to repose during twenty-four hours.

The liquor is then decanted off and preserved

with the greatest care. New acid is poured

on the residuum until the wood be perfectly

exhausted.

When this liquor is to be used, warm wa-

ter is added to it as long as the hand can bear

it ; the solution of tin is then poured into it,

till it assumes a fiery colour, after which it is
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agitated;, and the stuff slightly galled and

alumed is immersed in it.

The nitric a'.id oxy-muriatic acids impart a

yellow colour to all ani^ial substances. Tha

former of these acids is even successfully em-

ployed 1o communicate (o silk and wool a very

\)ear!tifui yellow colour. The nitric acid pro-

duces the same effect on madder ; but the yel-

low thus developed disappears with the acid ;

Vvliile madder, though reduced to this slate, is;

not deprived of its power of communicating'

its red colour to cotton.

ARTICLE IT.

Preparation of the Colouring Principle uvUh

Oils.

Oils mav be reckoned amona; the solvents of

colouring principles. Olive oil extracts the

colour of alkanet. Linseed oil is the usual

solvent employed in the composition of fat

varnishes; and oil of turpentine dissolves by

itself, resins, and served io form varnishes.

Alcohol is almost the only solvent of resins.
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T^'o liivc already spoke a of the rses to which

it is appUc:Ie when ijeatiu^' of v-ti^^^shes.

SECTION VI.

Of tlic Preparation of Morchnts.

In order (o convey to the reader, a cle:ir idea

of this part of the subject, whicli is one of the

most important i.i the art of dyeing, since upon

it depends the mode of preparing colours

equally solid and brilliant ; I shall divide the

mordants into two knids, viz. eartJnj and me-

tallic ; and conclude this article with some ob-

servations r"specting the manner employed in

combining them^ in order io produce their

eficots.

ARTICLE I.

Preparation of EariJijj Mordants,

LiiTie and alumine 'vre V.i?. only earthy prin-

ciples 'vhr !s i/e employed as nordanfs.

Vr e eiiipioj them oaly in tnen' hAq of com-
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binatlon with acids^ and sometimes with ai*

kalies.

The sulphite of alumine with potash or

alum, is the compound of alumine most usu-

ally employed.

Five or six kinds of alum are distinguished

in commerce ; but, as at the present day it is

formed artiScially in many establishments^ it

appears to us tliat they may all be compre-

hended under (he two divisions of native, and

artificial alum.

AH alums possess equal virtues when pro-

perly prepared ; for this parpose nothing more

is necessary than to dissolve and re-cryslallize

toe worst alum, in order to communicate to

it the qualities of the better kinds. Thus, by

solution and crystallization have the inferior

kinds of alum, produced in Spain or Liege^

been made to resemble Roman alum, and told

for it in the shops.

All stuHs are not equally affected by the dif-

ferent kinds of alum. The difference of these

salts produces none upon the colours whi( h are

imparted to wool ; but it is ver}' perceptible

on silk and cotton. Among the different kinds

of alum, that of Rome deservedly holds the
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first rank, because the calcination to which it

is subjected, superadded to that it had under-

gone beneath the surface of the earthy oper-

ates to produce a perfect union and coiiibioa-

tion of its principles.

Alum is employed in the dyeing of different

kinds of stuifs ; but the mode of applying ii is

varied in each of them.

When silk is to be alumed, 20 to 25 kilo-

grammes (about 50 or 60 lbs. avoirdupois) of

Roman alum are dissolved in tepid water; this

solution is then poured into a tun or cask, con-

taining from 40 to 50 buckets of fresh water^

after which it is carefully stirred in order to

prevent the alum shooting into crystals.

We dip into this alum bath the silk strung

on cords, and drip it upon the peg, in order to

deprive it of the soap adhering to it.

All the cords are then plunged into the alura,

care being taken that the silk be not rolled up

or entangled together, and that the cords be

loose and easy, &c. They are lei'i in the bath

in this state, throughout the iiight, and on the

following morning the silk is washed, and

wrung by the hancl, in river \Tatcr.

In some dye-houses rods are employed ia
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place of corus, and the silk is dipt three or

four times before being immerspd so the ba^h.

Th's bath can contain at once, 15 kil grammes

(165 lbs. 8 oz. 7 dr. avoirdupois) of silk.

When it becomes much weakened, which the

dyer knows fiosii the taste, he dissolves m it a

fresh supply of alLirn> which he terins recruit-

iv ' it

When the bath begins to exhale a disagree-

able odour, it is used for the alnraing of silks

intended for dark colours soch as browns, ma-

roons, &c.

The silks are usually iirimersed into the

bath in a cold stale, because it is observed that

warm aluming spoils their lustre.

It is more advantageous (o use strong than

weak alum batlis to silks, because by a strong

alcming the dye is better extracted; and it is

rendered more smooth and uniform?

The incrustation which forms on the sides

of the vessels, in which tlie alamiuizatioii is

performed, proceeds from the decomposition by

the soap, which the silks ahvajs retain in a

greater or less quantity.

W hen it is our object to aluminizc wool, it

itr.ast be previously boiled during one hour, ia
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a. i)atli of water and bran, to free it from the

oil ; after which it is washed in cold water.

It is next transferred into a solution of al«m,

in which it is boiled for tv/o hours^ it is then

taken out, and after being wrung, set to drain

for twelve or fifteen hours ; it is afterv.ards

washed in cold water.

When it is not our intention to dye it very

speedily^ it ought to be covered with a wetted

cloth;, to maintain its humidity.

Alum is not employed singly in the alumi-

nization of wool, except for crimson. For

every other colour it is mixed with cream of

tartar, which facilitates its action as we former-

ly observed when speaking of mordants in

general.

When the wool is to be dyed of a madder

red, the stuff is alumed in a bath, wherein have

been dissolved four ounces of alum, and eight

of cream of tartar to the pound of wool.

To dye wool with woad, according to Schef-

fer, the wool must be previously boiled with

bran, and afterwards macerated, during two

hours in boiling water, with one fourth of alum

and a twelfth of tartar.
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Nearly a similar process is employed in dyC'

ing yellow with various vegetables

It appears from what has been mentioned,

that boiling is employed in the aluminizatiort

of wool^ and that the stuli" is never completely

dried before the application of the dye.

The aluminization of cotton differs besides^

from that bestowed on silk and wool^ in so far,

that it is never performed, except in the dyeing

of the Adrianople red, except in the galling

;

and it is performed by dissolving about a fifth

part of alum in tepid water, without bringing

it to the boiling point. The stufi's are then

separately- washed in an earthen vessel wdtli a

portion of this solution drawn from the bath,

in order that it may be more regularly applied

to every part of them.

After the cotton has been treated in this

manner it is dried, and then carefully washed,

before the application of the dye.

The sulphuric acid is not the only solvent

employed in aluming stuffs. The acetic acid

possesses some advantages ; to this purpose we

dissolve 1,46853 kilogramme ( 1 lb. 3 oz, 5 dr.

avoirdupois) of pulverized alum in 3 pints of
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water, in this solution we mingle 0,48951

kilogrammes (2 ib. avoirdupois) of salt of lead,

and after agitating the liquor till it acquires a

fine white appearance, we add to it 0^61188

hectogramme (3 oz. avoirdupois) of chalk,

and the same quantity of potash ; a violent

effervescence takes place, the mixture is shaken

and afterwards left to repose.

During this process there is formed a white

precipitate, which consists merely of the sul-

phate of lead intermingled with a small por-

tion of the sulphate of lime. The liquor

which swims on the surface holds in solution

much acetate of lead, fsaccJiarum saturni) and

a minute portion of undecomposed alum.

This mordant is that which linen printers

employ to fix upon stuff the madder red. It

is preferable to common alum in all the opera-

tions of aluminization, because, beside the ad-

vantage which the acetic acid possesses over

the sulphuric, the acetate of aluniine never

crystallizes upon the stuff, and its action is

more permanent and extensive.

Alkalies are likewise employed to dissolve

the aluraine ; in which case I have even ab-

VOL, IV. H H
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served the colour was rendered more durable.

For this purpose it is only necessary to intro-

duce into the alum bath a sufficient quantity

of potash or soda;, to dissolve the alumine which

is precipitated. In this case there is real

triple salt employed ; for the sulphuric acid i»

not set free, it remains combined with the alu-

mine and alkali ; but on that account it adheres

less strongly to the alumine^ and the stuffs, the

astringents, and the colouring principles pre-

cipitate this earth from it more readily.

^ Calcareous salts form very powerful mor-

dants, particularly for cotton, hempen, and

linen cloth ; but they have the inconvenience

of tarnishing their colour, on which account

dyers reject them.

Palmer however employed the calcined sul-

phate of lime in quality of a mordant, in order

to produce with cochineal a bluish clove co-

lour inclining to red. For this purpose,

calcined gypsum is boiled for one hour in a

caldron, into which it is introduced when the

water is somew^hat more than tepid ; the cloth

previously soaked in the tepid water is immer-

sed in it, and boiled for an hour ; it is then al-

lowed to remain in it till the water becomes
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cold. A bath is afterwards prepared with

cochineal and tartar.

If sea salt be mixed with the gypsum, the

colour produced by the cochineal will be ren-

dered of a brighter red ; if we substitute the

solution of tin for the sea salt^ the colour will

incline much more to red.

I have uniformly observed that such was

the affinity of lime with the colouring princi-

ples of astringent substances^ that it combined

with them and brightened their colour to such

a degree, that by mixing quick lime with a

strong watery decoction of the bark of the

black American oak, there was instantly pro-

duced a.magma of a superb yellow colour, pos-

sessed of great durability, and from which pro-

bably great advantages may be derived in the

art of dyeing.

Lime also, which is used m the preparation

of indigo and woad, imparts brilliancy and

permanency to this blue colour.

ARTICLE IT.

Preparation of Metallic Mordants.

The metallic oxyds have a very marked affi-

nity with stuffs almost of every kind.

H H 2
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There are few metallic solutions which da

not make upon them such powerful impress

sions, that their traces are frequently inde-

lible.

Bat as an oxyd^ in order io serve as a good

mordant, ought to present only a colourless

base to the colouring- principle, there are very

few of them which can be employed as such.

Coloured oxyds can only be used Avhen it

is our object to obtain dark colours, or com-

pound colours, the mordant of which then be-

comes one of tlie colouring j)rinciples. Thus

the oxyd of iron iixed on cotton, converts the

madder red into violet, prime, or lilac colours,

according to the proportions io which it is cm-

ployed.

The oxyd of tin is considered at present the

most perfect mordact of all those furnished^by

the metals. It is principally used in the dye-

ing of scarlet ; its application to which we
shall novt^ proceed to consider.

The composition for the scarlet dye, which is

merely a solution of tin in the nitro-msiriatic

acid, is not uniformly prepared in difTereot ma-

nufactures.

In Spain, the tin is dissolved in the undi-
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luted acid, while in France, it is reduced by

water. Hellot advises equal parts of acid and

water ; while Macquer proposes four parts of

acid to three of water.

The proportion of tin employed also varies :

Hellot recommends one-sixteenth to the acid ;

Scheffer one-fourth ; Pasrner one-eighth ; and

Macquer one-third to eight of tlve acid. The

solutions Avhich contain the greatest propor-

tion of tin are brown^ and produce very dark

and deep colours ; but if a very saturated ^o^

iution be not employed for silk, the colour

would be rendered much too bright.

The preparation also varies in regard to

the acid. Some dyers employ the aqua-fortis,

as it is produced by the distillation or decom-

position of crude sait-petre ; but the acid thus

produced, differs according to the nature of

the saltpetre, and is iievjer of the same

quality.

In many manufactures they make a solution

qfsea salt or sal-ammoniac in aqua-fcrtis; but

,the proportions vary from one-fourth to a six-

teenth; and as the quality of the aqua-fortis is

Mever previously well known, these mixtures
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are always made by chance. Thus^ sometimes

the muriatic is used iti too great a proportion,

in vvhiclj case the composition produces vinous

or wine colours; while at other times it is not

employed in a sufficient quantity^ and then the

acid precipitates;, and the colour remains

poor.

It appears to me, from experiments con-

ducted with the greatest care, that the process

by which we may obtain the best composition

consists in employing the pure nitric acid,

marking from SO to 32 degrees, in which is

dissolved without heat, a tenth of its weight of

refined sal ammoniac. To facilitate this so-

lution, the salt is broken into pieces, and put

into the acid. A few days afterwards, when

the solution is effected, the tin is added to it in

the proportion of one-eighth of the acid em-

ployed. When the solution which takes place

slowly, is finished, it is diluted with one-fourth

of its weight of water^ and preserved for

use.

The pure nitric acid, which is employed for

this cor^position, is known by manufacturer^

under the name oi Hatter's aqiiafoviis.
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We learn from experience, that when the

solution takes place too quickly, or the etFer-

vescence is too great, the colour is less lively

and agreeable than when it is effected more

slowly.

When cloth is to be prepared for the scarlet

dye, we put into a tin copper filled with wa-

ter, 14 drams of pulverized cream of tartar, to

the pound of cloth ; after the bath has reached

the boiling point, and the tartar is sufficiently

dissolved, there is gradually added to it 4 drams

of the solution of tin to the pound of cloth,

after which it is boiled for several minutes.

The cloth is then put into it, and boiled for

two hours ; after which it is taken out and

drained.

The shades of scarlet may be varied at plea-

sure, by changing the proportions of the cream

of tartar, and the solution of tin. The tartar

brightens the colour, and contributes to its

permanency ; but if it be added in too large

a proportion, it renders the scarlet pale and

dim.

There are few manufacturers who employ it

in equal quantities ; the proportion abovemcn-

tioned is that which Pterncr prescribes.
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The tartar, in a small quantity, deepens the

colour; while the solution of it carries to

orange. According to these results we may

readily impart to it the desired shades.

The solution of tin communicates onlv to

silk, ^ycd with cochineal a fine crimson colour.

The solution is employed in the proportion of

one-sixteenth to the quantity of cochineal ;

and the cochineal in the proportion of one-

eight to the weight of the wool.

Macquer affirms, that by impregnating silk

with a solution, and afterwards immersing into

a decoction of cochineal, it assumes a very

beautiful colour, extremely intense, and ap-

proaching to that of bastard safiVon.

By giving to silk a yellow ground, previous

to the application of cochineal dye, we obtain

a beautiful poppy colour, more durable and

less expensive than that furnished by bastard

saffron.

The solution of tin may be also employed

with advantage to heighten the colour of

fernambucca, and to render it more perma-

nent.

Much use has of late years been made of the

gait of tin (muriate of tin), to brighten red
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t.olours, and serve as a mordant to theai either

upon silk or cotton.

The nankeen dye may be very exactly imi-

tated^ by passing cotton alternately, several

times, through a decoction of tan, and a solu-

tion of muriate of tin.

M. Dambourney, of Rouen, has made much

use of a solution of bismuth, which had for-

merly been proposed b}"^ M. Folic, of the same

city. One part of bismuth is dissolved in four

parts of nitric acid ; this solution is afterwards

introduced into a bath containing tartar, aiid

into which is poured, at the same time, a so-

lution of sea salt.

M. Bcrthollet has proved that, in whatever

manner the solution be prepared, there is al-

ways formed a precipitate by the addition of

water, which precipitate renders the colouring

principles of a brown colour.

I tried this mordant in the dyeing of cotton

red, for which its author had proposed it ; but

it was not productive of a greater effect than

water acidulated with the nitric acid.

The oxyd of arsenic is likewise employed as

a mordant iii dyeing. Yogler appears to have

^*ui ployed with success the solution of this
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oxyd with potash^, in dyeing thread and cotton

of a red colour. After dissolving this compo-

sition in two parts of water, he added to it a

saturated solution of alum. The mixture at

first becomes turbid and gelatinous ; but its

transparency is restored, by gradually adding

to it a solution of alum. Thread and cotton

immersed for twelve hours in this mordant, on

being washed and dried, assume, with madder,

a very deep colour.

The arsenical sulphurets^ known under the

appellations of orpiment, realgar, sandarach,

yellow arsenic, red arsenic, &c. are all used in

dyeing, particularly in the preparation of in^

digo.

The sulphuret of arsenic may be supplied

by that of antimony ; but this last does not

communicate to the colour the same bright*

iiess.

The corrosive sublimate is also employed in

dyeing. Wilson used it in the composition of

the mordant for printing linen, in the propor-

tion of one-eighth to the sugar of lead.

It has been shewn by Vogler, that this salt

renders the colour of madder darker and more

durable
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The oxyds of lead dispose a stuff to remove

vegetable colours rapidly, but they tarnish

their lustre. Yogler obtained a beautiful black,

by galling thread and cotton impregnated with

the salt of lead, by putting them afterwards

into a solution of sulphate of copper^, and

boiling them in a logwood bath.

The sulphate of zinc is merely confined to

vender deeper the colours produced by mad-

der, cochineal;, and other substances. This

effect is produced by the contact of air, which

indicates that the oxyd operates uniformly, and

absorbs oxygen.

Some metallic oxvds have so g-reat an afS-

pity for the substances to which they are applied,

that they remain permanently fixed on them,

and produce colours nearly indestructible.

Thus, for example, the oxyd of iron, though

fixed in a base, when brought into contact

with a stqfT, imparts a nankeen, a hazel, or

fawn colours ; and when the particles of the

oxyd of iron remain suspended in a fluid, no-

thing more is necessary than to dip the cotton

in it, when they instantly deposit themselves

and become fixed.

We may avail ourselves of this property to
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dye cotton, linen, and hempen cloth, of a nan-

keen, fawn, and hazel colour. For this pur-

pose it is sufficient to dip them in a solution

of the sulphate of iron, acetate of iron, or any

otiier metallic salt of that nature; on exposure

to the air, after this operation, their colour

gradually deepens, and even hecomcs harsh,

if they are not immediately immersed in a so-

lution of alum, fully saturated with potash.

We have formerly remarked, that the oxyd

of iron mi^^ht be employed as a mordant, to

produce violet, prune, and lilac colours. It

is also known that this oxyd constitutes the

base of black colours ; so that it may be re-

garded as the most generally applicable of all

others, and as the most useful, whether in pro-

ducing colours by itself, or in acting as a mor-

dant, to madder red, with tannin, or the astrin-

gent principle.

The great difference between this oxyd and

that of tin, is, that the latter brightens the co-

lours combined with it, while the former

changes the natural colours of the colouring

principles, and produces only compound co-

lours.

The mordant of iron is prepared diil'ercntly
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by diffeFeijt manufacturers ; some employ tlie

sulphate without any addition; others com-

pose it by dissolving iron in vinegar ; some

add to it a decoction of rye flour, v*hile others

mix it with urine, herring-brine^ &c.

The longer the composition is kept, the bet-

ter it becomes. The celebrated blacks of Ge-

noa, owe their superiority to the antiquity of

the composition, which, for several centuries^

has been attended to with religious care^, and

may be said to form a kir.d of common pro-

perty.

At present, instead of the sulphuric, acetic^

and other acids, is substituted the pyro-ligne-

ous acid, which may be readily procured, and

at a cheap rate, in all places where the carbo-

nization of woad is performed ou a large

scale.

This acid, which, from the analysis of Messrs.

Fourcroy and Vauquclin, appears to be no-

thing more than the acetic acid^ holding in

solution a certain portion of oil, possesses two

advantages ; that of presenting to the artist a

good solvent at a low price, and that of trans-

ferjiiig with it an oleaginous principle, which

is an escclUnt mordant for cotton. Hence it
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is justly preferred, when the object is to pre-

pare a black vat.

There are some cases in which the affinitj- of

mordants is modified by other substances. Thus

alum is imperfectly, and with difficulty de-

composed by animal stuffs, without the aid of

eream of tartar. It is not perceptibly decom-

posed by vegetable matters ; but the oil, and

gall-nuts,, with which we impregnate them,

produce this decomposition.

The most complicated mordant with which

we are acquainted in dyeing, is that of the

Adrianople red.

The cotton is first impregnated with a sa-

ponaceous solution, containing an excess of

oil, and mixed with animal matter. It is then

galled, and afterwards alumed. Here then is

a triple combination, (oil, tannin, or the astrin-.

gent principle, and alumine), which adhere so

strongly to the cotton, that no washing can

remove it.
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SECTION VII.

Of tlie Colouring of Stuffs.

Having already mentioned llie mode bv

vvhich the various colouring principles are ex-

tracted, as well as the processes by which the

mordants are transferred to the stuif, prepara-

tory to the application of the colouring matter,.

we shall now proceed to point out the means,

by the aid of which the stuff is impregnated

with the colouring liquid.

In order that the stuff may be fully and

equally saturated with the dye in every part,

it is necessary to employ precautions, of which

few dyers are sufficiently aware, who have not

acquired considerable experience in the exer-

cise of their art.

After the stuff has been impregnated with

the mordant, it is very commonly dried, and

Ayashed afterwards with care, in order to re-

move that portion which remains uncombined

with it. Linen and cotton, of whatever co-

lour they are intended to be dyed, with (be
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exception of indigo, are heated in the sam€f

manner.

But animal stuffs are carried to the djeing

rat while wet with the mordant, or soap, that

has been applied to them ; they are wrung by

the hand, or on a wooden peg ; after which

they are ventilated and dyed.

The same manipulation is not employed in

dyeing cloth as thread ; in the first case, one

roller is only used, which is placed over the

caldron, in order to let down the cloth into

the bath ; when this is accomplished, it is ra-

pidly turned round, that every portion of the

stuff may be equally coloured.

Two men are necessary in the performance

of this operation ; while one turns the roiler

the other unwinds ihe cloth, and carefully ex-

tends it, that every part of its surface may bfe

equally exposed to the colouring matter. As

soon as the bath begins to boil, the stuff is im-

mersed in it ; sometimes, however, it is not

even carried to ebullition, as will be afterwards

pointed out.

When thread is to be dyed, it is made up

into skeins, and hung on wooden rods, which

aie made to rest with their ends on the sides

or thd^ calditxi.
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As soon as the bath is prepared^ they place

these rods on the caldron, and afterwards let

down into the bath a portion of the skeins,

which they draw up by means of a pointed

stick, and return them in the same manner,

until every portion has been successively im-

mersed in it.

When it is intended to carry the bath to

ebullition, the skeins are strung on cords,

which are attached to sticks, and left in the

bath as long as the dyer may judge proper.

This process is that which is most generally

employed, but it receives various modifications

in respect to the different colours with whicli

it is necessary to be acquainted.

Thus, for example, when wool is to be

dyed, it is first put into a bath with water

and bran, and boiled for one hour; after

which it is washed.

When wool is to be dyed of a madder red,

it is impregnated with a mordant of alum and

tartar, and then transferred into the colour

bath, which is prepared with 1,22376 hec-

togramme, ( 4 oz. 15 drs, avoirdupois )

of madder, to 0,48951 kilogramme, (1 lb>

VOL. IV. I I
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3oz. 12 dr.) of wool ; the stuff is put intotliis

bath nearly at the same time with the madder,

it is carefully turned over, and the bath gradu-

ally heated ; after boiling; a few minutes it is

withdrawn^ and carefully washed before being

exposed to dry. Hellot employed 0,24475

kilogramme (9 oz. 14 dr.) of madder, to

0,48951 kilogramme (lib. 3 oz. 13 dr.) of

wool ; he kept the bath nearly at the heat of

boiling water for an hour, but only it boiled

four or live minutes.

Greater brilliancy is communicated to this

colour, by adding to the preparatory bath

made of bran, one-eighth of cream of tartar.

The red is rendered still more lively, if a

.^mall portion of the solution of tin be intro-

duced with the mordant.

When wool is to be dj ed of a scarlet colour^

after having impregnated the stuff with the

mordant, and prepared the dyeing vat, by the

method already pointed out, the cloth is dip-

ped into it, by means of the roller, which is

turned very quicklj- for a few minutes; a slower

motion is then given to it, and the cloth is

afterwards boiled for half an hour ; it is then

again wound on the roller, where it is left to
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drip and Ijecome cold, after which it is washed

and dried in the shade.

Pa?rner reraarked, that this colour was most

))eautiful when the stuff was kept in the mor-

dant, after it had become cold^ during forty-

eight hours.

The materials can be prepared separately for

composing the colour bath^ that they may be

poured into the caldron at the same time with

the cloth.

To this purpose we boil in a small tin vessel;,

to each pound of wool 0^73426 kilogramme^,

( 1 lb. 13 oz. 10 dr. avoirdupois) of water, and

0,76486 hectogramme (3 dr. avoirdupois)

of tartar, and 0,30594 hectogrammes ( 1 oz.

74 dr. avoirdupois) cochineal.

As soon as the ebullition begins, 0,30594'

hectogramme (1 oz. 7^dr. ) of tin is add-

ed, and the whole gently boiled for the space

of fifteen minutes ; the vessel is then taken

from the fire, and the solution poured into a

large caldron of boiling water, at the instant

the cloth is immersed in it.

When wool is to be dyed in a blue vat, they

fix to the sides of the vat, iron or copper hoopSj

which are fastened with cords to the hooks on

ii2
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the sides of the vat ; the inner sides of these

hoops are furnished with a net, and when wool

is to be dyed, they put above it another net

thicker than the former. These preparations

are necessary to prevent the cloth coming into

contact with or disturbing the deposition at

the bottom of the vat.

When the caldron is furnished with this ap-

paratus, the stuff, previously wrung out of

tepid water, is put into it, and kept in for w

longer or shorter time, according to the degree

of strength that they wish to impart to the co-

lour. After being taken out, it is wrung above

the copper, and exposed to the air. The greei>

colour it has imbibed in the bath is instantly

changed by the action of the atmosphere. .

That none of the indigo adhering to it may

be lost, the stuff is first rinced in a tub ; it is

afterwards put through running water, and

dried in the shade. When the colour is dull

and muddy, the stuff is passed through boiling

water, in order to free it from any extraneous

impregnation.

In dyeing Saxon blue, a mordant is used of

0,76485 hectogramme (3 oz. 11 dr. avoirdu-

pois) of alum, and 0,4589 1 hectogramme (2oz
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Sfdr. avoirdupois) of cream of tartar, to tiie

Oj48951 kilogramme ( 1 lb. 3 oz. 12 dr. avoir-

dupois) of cloth. After being boiled in this

composition for an hour, the stuff is left in it

for twenty-four hours longer.

The colour bath is prepared by pouring into

bailing water 3,82430 decagrammes (15 dr.

avoirdupois) of the solution of indigo in sul-

phuric acid, to the 0,48951 kilogramme (1 lb.

3 oz. 12 dr. avoirdupois) of cloth, which is

boiled in it for twenty or thirty minutes, and

after being taken out is carefully washed. Any

different shade may be obtained by varying the

proportion of the solution,

Yellow is usually imparted to woollen sub-

stances by a decoction of woad, but as this

plant yields its colouring principle with dif-

ficulty, alkalies are employed to assist in its ex-

traction.

Alkalies can ©nly, however, be used for this

purpose in the dyeing of linen or cotton ; and

their place must be supplied by marine salt,

sal ammonia, and alum, wlien the woad is to

be applied to animal substances which are dis-

solved in alkalies. Some dyers employ lime
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to lieigliten several yellow coloursj especially

(hat of quercitron.

A more or less deep yellow may be procur-

ed by boiling woad with marine salt^, lime, or

alum ; marine salt, produces the deepest shade ;

alum renders the colour brighter^ ammonia

imparls a «reenish hue to the bath, tartar

gives a very pale shadc;, and copperas changes

it to a brown.

Schefrer remarked^, that by boiling wool two

hours with a fourth of solution of tin, and a

fourth of cream of tartar, it would afterwards

become of a beautiful colour with woad.

Pasrner recommends preparing the stuff iri

the same manner as for scarlet, with the \iew

of imparting greater permanence to the woad

colour, ai:d rendering it more brilliant. To

produce a strong colour, two parts of woad

to one of wool is requisite.

Black, which is considered in dyeing as a

primitive colour, may be imparted to wool by

means of copperas and gall-nuts; but as by

them a perfect black is slowly produced, which

is besides not very permanent, the cloth is dyed

of a dark blue before immersing it in the de-
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coction of gall-mitS;, in which it is boiled two

hours. It is next put into a tepid solution of

sulphate of ironj from which it is transferred

to a strong decoction of logwood^, and kept in

it for one hour^ the decoction being ail the

time maintained nearly at the boiling point.

It is then replunged into the solution of the

sulphate of iron, and afterwards into the de-

coction as before ; and so on in succession till

it has attained the desired shade of colour.

Bergmann obtained a beautiful black, by

dipping 5 myriagrammes ( 1 10 lb. 5 oz. 1 1 dr.

avoirdupois) of blue wool first into a bath of

4 kilogrammes (8 lb. 13 oz. 4 dr. avoirdupois)

of cream of tartar, 8 kilogrammes (17 lb.

10 oz. 8 dr.) of copperas, 1 kilogramme (2 lb.

3 oz. 5 dr.) of verdigrise, and 5 kilogrammes

(IHb. 9dr.) of blue woad, and afterwards

boiling it in a decoction of bear's-foot.

The place of gall-nuts may be supplied by

oak bark in the dyeing of wool ; to this pur-

pose, for every pound of wool should bo boiled

0,95607 decagramme (3 dr.) of logwood, dur-

ing one hour in 3 kilogrammes ( 6 lb. 9 oz.

15 dr. avoirdupois) of water ; the stuif is left

in this bath during the night ; on the followipg
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day they withdraw the stuff and logwood^ heat

the bath, and dissolve in it the third of the

following composition :

dr. gr.

Oak bark 4 15 — 7,96725 grammes.

^ Sulphate of iron 9 21— 1,71093 decag.

Verdigrise 4 2 — 0,7648() ditto.

Common giim 2 2 — 35,58705 decig.

The stuff is passed through the bath when

it is hot ; and at the end of three hours, they

jadcj the second third of the corapvosition, and

again put the stuff through it ; at the end of

another three hours, the remainderof the com-

position is added, the bath is heated six times^

arid on the following morning the stuff is well

washed.

By employing calcined copperas for the red

instead of green copperas, very superior effects

are produced, and the black is much more

beautiful.

The methods employed for imparting the

colouring principle of silk, differs very ma-

terially from those which are used in dyeing

wool.

Dark blueSj for example^ cannot be pro-
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duced in the indigo vat, because we never suc-

ceed in giving to this colowr a sufficient de-

gree of fulness.

Thus in order to obtain tlie Turkish hint,

which is the deepest of all, it is necessary io

immerse the silks in a very strong warm bath

of savory before putting it into tlie vat.

When our object is to obtain the royal hhie,

which is also very deep and permanent^ cochi-

neal is employed in place of savory.

This last blue may be successfully imitated

by first immersing the silk in a solution of

0,30594 hectogramme (1 oz. 7^ dr.) of verdi-

grise to 0,48951 kilogramme (lib. 4 oz,

4 dr.) of silk; the silk is afterwards disposed

in a bath of Indian wood, in which it assumes

a blue colour, which is fixed by passing it

through the vat.

Silks to be dyed blue, are usually boiled in a

bath composed of 2 myriagrammes (44 lbs. 2

oz.4dr.) of soap to 5 myriagrammes (110 lbs.

5oz. 10 dr.) of silk; it is carefully washed,

and twice put through running water, after

which it is made up into skeins, and plunged

into the vat by means of the wooden roller

fntil it has acquired the desired shade. It i§
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then wrung by the hand, shaken out in the air,

afser,yards washed, and again wrung, and hung

up to dry.

When silk is to be dyed blue without boil-

ing, the whitest kinds are chosen ; they are

dipped in water, with the view of disposing

them more readily to imbibe the dye.

Silks intended for a yellow colour are boiled

in 1 myriagrammc (22 lbs. 1 oz. 2 dr ) of sonp

to 5 myriagTammes (110 lbs. 5 oz. 10 dr.) of

silk ; it is afterwards washed, alumed, and ex-

posed on rods.

The yellow bath is prepared by boiling 1

kilogramme (2 lbs. 3 oz. 5 dv.J of woad to the

pound of silk during a quarter of an hour.

This bath is strained through a sieve, and

cooled until the hand can be kept in it ; be-

fore the siik is immersed in the vat.

The woad is boiled a second time with a

fresh portion of water, and employed to sup-

ply the waste and keep up the heat of the first

bath, into which more silk is put till it be suf-

ficiently exhausted.

\Vith the view of extracting every particle

of colour from the woad, and of imparting a

golden hue to the yellow produced by it,,

L
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0,4S95l kilogramme (lib. 4 oz. 4 dr.) of

ashes tVom the dregs of wine to 1 myriagramme

(221b. 1 oz. 2 dr.) of silk is put into a cal-

dron; the second bath of vvoad is poured boil-

ing hot on these ashes, and well stirred to

hasten the solution. "^"V hen the bath is become

clear they gradually transfer a portion of it to

the first bath, and after stirring it again im-

merse the silk.

A golden hue may be imparted to yellow by

means of annotto.

The most beautiful red hitherto imparted to

silk is that which is termed poppy.

The poppy colour is procured by precipitat-

ing on stuff bastard safiVon held in solution by

potash. With this view when silks are washed^

dripped, and put on the rods, citric juice is

poured into the bath till it acquires a cherry

colour. It is then well stirred, and the silk

repeatedly let down into it, till it has acquired

a sufficient colour.

To produce a lively, full poppy, the silk is

wrung on coming out of the first bath, which

it exhausts, and is then put into the second.

Five or six baths are requisite to impart to it a

jlame colour.
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The poppy colour is heightened by putting

the silk through tepid water acidulated with

citric juice. A root or ground of annotto,

three or four shades paler than aurora, is re-

quisite for silks, before exposing them to the

colouring principle of bastard saffron.

The poppy colour communicated by this

last dye may be successfully imitated by the

employment of Brazil wood.

The colour thus produced is termed ^7Z.se

poppjj to distinguish it from the true. To the

silk is given a root of annotto, by boiling it

with this dye, after which it is v/ashed, passed

through alum, and next disposed in a bath of

Brazil wood, with which a small portion of

soap-water has been mingled.

After various attempts, we still remain ig-

norant of the proper method of communicat-

ing a scarlet dye to silk. That imparted to it

by cochineal, notwithstanding every attention,

always acquires a vinous shade. If however a

strong solution of tin, super-saturated with

the acid be used, and the silks be alternately

passed through this solution and the cochineal

bath, a colour possessing all the characters of

scarlet may be obtained. I feave exhibited for



APPLIED TO THE ARTS. 493

the last ten years, in my class at Montpelier,

specimens of scarlet clotli dyed by this method.

It is likewise more difficult to impart a good

black to silk than to any other kind of stnfT,

So many different articles enter into all the

compositions employed with this view, that it

is impossible to assign to each its proper use.

I have, however, succeeded in obtaining a

very full, clear, permanent black, by the em-

ployment of a solution of iron, immediately

after a strong galling ; the stuff is then im-

mersed in a decoction of logwood, and next

into this decoction conjoined with a solution

of iron and verdigrise ; and this process is

repeated till the black be very beautiful. Y^ ith

this view I employ 5 myriagrammes ( liO lbs.

5oz, 10 dr.) of silk, 2 myriagrammes (44 lbs,

2 oz. 4 dr. ) of gall-nuts, 2^ myriagrammes

(66 lbs. 3oz, 6 dr.) of copperas calcined to

redness, the same quantity of logwood, and 5

kilogrammes (11 lbs. 9 dr. ) of verdigrise.

The silk is first wrung out of the galls, allowed

to dry, and then strongly shaken by the hands

in order to ventilate, and detach from it any

adhering galls. The same process of rubbing;,^

shaking, &c. is employed in respect to the log-
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Avood bath ; and the silk is carelully vvaslicd

after each immersion in the solution of cop

peras. In the last logwood bath is dissolved

0^,61188 hectogramme (2oz. 15 dr.) of gum
arabic, to 0,48951 kilogramme (1 lb. 4 oz.

4 dr.) of silk. The black is softened by pas-

sing the dyed silk through soap and water,

I have observed by combining vegetable as-

tringents with the gall-nutS;, a softer and more

agreeable colour was produced. Oak bark^ a

species of agaric, pomegraniite bark;, &c. may

be employed for this purpose.

Although cotton may be dyed of every co-

lour, that which is imparted to it by madder

can only be termed ti fixed colour. After hav-

ing impregnated the cotton with the triple mor-

dant already mentioned, and which is com-

posed of oil, the astringent principle, and

alumine, a bath is prepared of 1 kilogramme

(21b. 3 oz. 5 dr.) of madder, to 0,48951 kilo-^

gramme ( 1 lb. 4oz. 4 dr.) of cotton. Animal

blood is then diffused in this bath, and on its

becoming lukewarm the cotton is immersed

in it.

The cotton is rubbed and handled in the
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bath for' about one hoiu^ then boiled during an

equal space of time, and afterwards carefully

washed.

SECTION VIII.

Of tlie Mixture of Colours, or of Compound

Colours.

Pure or unmixed colours are rarely found

in nature. Red is almost uniformly found in-

termingled with yellow ; scarlet and madder

colours are composed of these two prin-

ciples.

Indigo, which appears to furnish the most

perfect blue, is always debased by a yellowish

matter which is removed by ebullition.

But exclusively of these natural mixtures,

so extremely numerous are the artificial

shades formed out of them, that they may be

reckoned boundless.

Here, however, we shall only enter into the

consideration of the principal mixtures, all of

which may be comprehended in the following

classes.
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1. A mixture of blue and yellow, wbicb

produces all the intermediate shades between

the vellowish greeu and the dark green verg-

ing to black.

2. A mixture of red and blue, which com*

prebends all the shades from a deep violet co-

lour to a lilac.

3. A mixture of red and yellow which em-

braces all the shades from a scarlet colour to

that of musk and tobacco.

1. In order to form upon wool the first of

these mixtures, that of blue and yellow, we
first impart to the stuff the blue ground de-

sired. The green thus produced becomes so

much deeper, as the blue ground is more in-

tense.

When the cloths ^e taken out of the blue

Tat, they are boiled in the same manner as

those intended to be dyed by woad, in the usual

Way ; and for this purpose a decoction of that

substance is prepared, in which the stuffs are

immersed.

The green is rendered brown by logwood,

and a small portion of the sulphate of iron.

We transfer the green to the cotton by a
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nearly similar process ; but I have found it of

advantage to employ, instead of the mordant

composed of alum and tartar, the acetate of

alumine.

To impart a green to silk, after boiling it

with soap, it is strongly alumed ; it is then

slightly washed in running water, and stretch-

ed in a woad bath ; as soon as it has received

a proper woad ground, it is again washed, and

transferred into the vat, as in dyeing blue.

In order to render the colour darker, and to

vary its shade, we introduce into the bath w^oad,

a decoction of Indian wood^ of fustic, annotto,

&C;

Savory is preferred to woad, when the blue

vat is employed, because the colour which it

imparts inclines naturally to green.

The green obtained by the solution of indigo

in the sulphuric acid, is known under the ap-

pellation of Saxon green ; it is more brilliant,

but less durable than that which has been de-

scribed.

We give to cloth the same preparation as in

dyeing with woad ; after it has been washed, it

is boiled in the same bath for one hour and a

half, with yellow wood in chips,

VOL, IT. K K.
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When the heat of the bath is moderated;, so

that the hand can bear it, we introduce into

it about one pound and a quarter of the solu-

tion of indigo for every eighteen yards of cloth;

the cloth is then immersed in it, turned at first

with rapidity, but afterwards more slowly. The

cloth is taken out before the bath begins to

boil.

Instead of the yellow wood may be substi-

tuted woad, and the shades varied at pleasure,

by varying the proportions of the ingredients.

W hen the blue has been dyed in the vat, it

is more permanent than the yellow ; whence it

liappens, that the green colour changes to blue

through time ; while on the contrar}^ when the

blue is given by the solution of indigo in sul-

phuric acid, the yellow is the most durable.

IL The combination of red and blue forms

the violet colour, and all the shades dependant

on it.

This combination exists naturally in log-

wood ; it is developed in most of the lichens

by fermentation ; but it is not fixed in any of

these two states.

To impart a good violet tint to woollen

cloth, it is slightly dyed in a blue vat, after

L
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which it is boiled;, during one hour aud a half,

in a bath composed of 0,76435 hectogramme

(3oz. 11 dr.) of alum, and 1,52972 deca-

gamme (6 dr.) of tartar, to 0,48951 kilo-

gramme (lib. 4oz. 4 dr.) of cloth. A bath

is then prepared with 0,30594 hectograme

(loz. 7^dr.) of cochineal, and 1,52972 de-

cagramme (6 dr.) of tartar, in which the

cloth is boiled one hour and a half, when it

assumes a blue colour.

By adding alum and tartar to the violet-

bath, we may obtain all the inferior shades of

lilac, dove, mallows, &c.

Pa?rner found the employment of the acid

solution of indigo very useful; he prepared

0,48951 kilogramme (1 lb. 4 oz. 4 dr.) of

cloth, with 0,917824 hectogramme (4 oz.

64 dr.) of alum, by boiling it during an

hour and a half, and then leaving the cloth to

digest in the bath all the night. His dyeing-

bath is composed of 0,45891 hectogramme

(2 oz. 3~ dr.) of cochineal, and 0,61188

liectogramme (2 oz. 15 dr.) of tartar, which

he directs to be boiled three quarters of

an hour ; after which there is added to it

0,4591 hectogramme (3 oz. II dr.) of the

rk2
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solution of indigo. It is agitated^ and the

cloth gently boiled in it for a quarter of an

hour.

The violet colours imparted to silk are di-

vided into two kindsj true amd false. To pro-

duce the first;, the silk is dyed in the same-

manner as for crimson, except that neither tar-

tar nor the solution of tin are mingled with the

bath.

In order to produce a beautiful violet,

0,61188 hectogramme (2oz. 15 dr.) of co-

chineal, is employed to 0,48951 kilogram-

me (lib. 4oz. 4 dr.) of silk. The stuff is

then passed through a weaker vat ; and to im-

part greater beauty to the colour^, it is after-

wards immersed in a savory bath.

The most beautiful jfaZse violets are prepared

with savory ; they are easily known by the

property they possess of becoming red by the

action of acids.

A good solid violet may be given to cotton,

by dyeing it with madder, and afterwards pass-

ing it through a blue vat. The beauty of

this colour is in proportion to the mcagreness

of the red.

But the true violet is only imparted to cpt-
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Ion, by combining oxjd of iron with madder

red. The oxjd is applied to the cotton before

immersiijg it in the madder bath.

It is difhcult to render this colour uniform,

since the iron deposited on the cotton is apt to

become unequally oxydated in drying. To

correct this fault,, the cottons ought to be

washed after receiving the mordant^, and be

put into the madder bath while wet.

By combining alum with the sulphate of

iron, calcined to rednesSj in different propor-

tioBS, in forming the mordant for violets, we

obtain all the different shades that may be de-

sired.

When a very beautiful violet is the object, it

is necessary on taking the cotton out of the oil,

to pass it into the mordant already described,

then to wash it with care, and plunge it into

a cold madder vat ; after which it must be

again washed, immersed into a new bath of

madder, and boiled in it for one hour ; and,

finally, brightened by washing with soap.

III. Yellow, intimately combined with red,

may be variously modified.

By boiling fustic in a scarlet bath, and

heightening it by a small portion of cream of
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tartar and the composition of tin^, we may pro-

duce successively a pomegranate^ orange, and

jonquil colour, &c. The fustic is added to

the cochineal, in proportion to the shade re-

quired. The addition of a little madder will

produce a gold colour, &c.

Madder red unites very intimately with yel-

low, and gradually changes it from an orange

to a caneila colour.

If in place of the bright yellows we use

plants giving out a brownish colour, such as the

greatest number of astringent vegetables, we

obtain more solid, but less brilliant colours.

Thus hazel roots, shumach, &c. produces to-

bacco, musk colours, &c.

Maroon, caneila, and wine colours, &c. may

be imparted to silk, by logvvood, fernambucca,

rnd fustic ; a decoction of fustic forms the

foundation of the bath, to which is added,

about a fourth of the juice of fcrnanibucca,

and an eighth of logwood. The silks are

alumed before being immersed in this bath.

When brown shades are required, the In-

dian wood is employed in a greater proportion

than the Brasil wood.

Pa:rncr presents us with an infinite variety
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©f results respecting the combinations of triple

colours. It mij be readily perceived, that

these combinatioiis may be variously modified ;

but it is sufficient to ascertain the eliect of each

primitive colour, to form an accurate judgment

respecting the product of the mixture.

SECTION IX.

Of the Art of Transposing, or Changing Co-

lours.

Most colours, when transferred to stuffs, un-

dergo or suifer some change. This art is term-

ed, by dyers, changing, or turning the bath.

This is one of the most delicate and interest-

ing operations connected with dyeing. In it

resides nearly all the mystery of the art.

We can here only briefly sketch the princi-

pal changes, or alterations that may be pro-

duced on a colour, by the action of colourless

bodies. For more particular information on

the processes of dyeing, we must refer the rea-

der to those v/hich treat professedly on the

subject,
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The acid solution of tin reddens cochineal,

and brightens the colour of its decoction.

Gream of tartar renders of a brighter yel-

low the same colouring principle.

The solution of alum changes a scarlet into

a crimson. Hence it is that clothe to which

alum has been applied as a mordant^ assumes a

crimson colour in the scarlet bath.

The scarlet is converted by the alkalies into

violet. The red of cochineal is changed by

sea salt into lilac shades, which approach to a

blue. Sal ammonia deepens it, without de-

priving it of the red. Gypsum changes the red

into blue.

The red of cochineal is converted by cop-

peras into violet. Hot water renders it blue,

by impairing the vivacity of the red.

The madder red is susceptible of the same

modifications, though less perceptibly. The

acids reiider it yellow, and change it to orange.

Lime, and other calcareous salts, impart to it

a vinous colour.

The alkalies are employed to give a rose tint

to the red of Brasil wood, and to form a false

crimson upon silk. The alkalies give a yellow

shade to the red of carthamus, or bastard saf-
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fron. Its colour may be restored by citron or

lemon juice.

The alkalies develop the colour in all vege-

tables employed to furnish a yellow dye. A
solution of potash is even used to transfer to

cotton the colouring principle of vs^oad.

The alkalies dissruise the red colour w^hich is

combined in the annotto with the yellow ; the

acids destroy or counteract their effect^ so that

by the aid of these two salts, may be commu-

nicated to the annotto all the intermediate

shades of colour^ from the lightest yellow to an

orange.

The alkalies convert into a permanent orange

the yellow procured from wool and silk by the

nitric acid. For this purpose it is sufficient

to pass these two stuffs^ coloured by the acid^

into a caustic alkali.

By employing the acid at 25, or 2S degrees^

a very beautiful colour is obtained.

The alkalies are also employed to change

the violet procured from Brazil and India

wood ; they improve the colour of the Brazil,

and render brighter the violet of the logwood.

Silk prepared as for the true violet, may be
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changed into purple^ by means of a little arse-

nic introduced into the cochineal bath.

What relates to the art of changing-^ or

transposiag colours^ may^ in general^, be re-

duced to yeij simjjle principles.

1. When the reds are pure^, the acids render

them pale, or of an orange ting-e, by assimi-

lating them to a yellow colour.

Aiura^ cream of tartar, the solution of tin,

and acids, produce the same ettect.

2. When the reds are mixed with a portion

of blue, not possessing much lixity, the acids

exalt the colour, by destroying or reddening

the blue. Examples of this are furnished bj

fernambucca, and by nearly all the false vege-

table reds.

3. The alkalies destroy the resinous reds^

and develop the yellow which is united with

them

The rad tint of the annotto, as well as that

of the carthamus, is effaced by them ; acids

restore it.

4 Alkalies restore the violet colours, redden-

ed by acids, with greater intensity than they

formerly possessed.
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5. Sea svAt, and all the calcareous salts,

change the reds into a bluish crimson.

6. Iron, and all its combinations^ iiiipart a

brown tint to red and yellow colours. Thus

are produced all the different brovyns, which

are at present so much in vogue.

SECTION X.

Of the Exaltation of Colours.

The beauty of colours depends unquestion-

ably on making a proper choice of materials ;

but in the mode of combining and heighten-

insc them, consists the art of d veins:.

Washing improves the colour, by depriving

the stuii' of the colouring matter uncombined

with it.

It oKght to be performed in clear and run-

ning water.

The alkalies are employed to heighten cer-

tain colours. Thus, for exam-ple, in order to

impart greater brilliancy to the Adrianople

red, the cotton, after maddering, is boiled on

a ley of soda, for twenty-four, or thirty-six
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hours ; after Tihich it is washed and again

boiled in a solution of soap.

The violet colours, transferred to cotton bj

the oxjd of iron and madder, are heightened

and improved in a similar manner. Tiie co-

lour, which appears black on taking the cot-

ton out of the bath, becomes bright, and forms

a beautiful violet. It nray be remarked, that

the violet is changed into red bj the action of

alkalies, and into blue by that of soap.

The acids likewise prove useful ; by putting

the poppy-coloured silks through tepid water

acidulated by citron juice, the colour is ren-

dered more brilliant and pleasing to the eye.

The orange extracted from annotto is heigh-

tened and improved by the citric acid.

All the acids destroy the violet colour which

the cochineal sometimes assumes on wool, and

exalt it to the shade of scarlet. They render

the madder-red slightly yellow.

M. Hausmann proposes to pass the cottons

on being taken out of the blue vat, into a wa-

ter acidulated by the sulphuric acid, having

ascertained that the colour was by this means

rendered more intense.

Blacks, transferred into a saponaceous sola-
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tion, or into water agitated for a considerable

timC;, with a little oiL assume a deep red co-

lour.

The drjiiig of stuffs in the sun, or in a clear

day, spoils or destroys their delicate and livelj

colours. Drying in the shade preserves them.
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CHAPTER XXV.

Of Fermentation.

THE intestine motion wliicli takes place in

the parts of animal and vegetable bodies, under

certain circumstances, is teruied fermentation.

By it bodies are changed, and new compounds

produced.

We shall here, however, chiefly consider fer-

mentation in so far as it furnishes products ap-

plicable to the arts. According to the nature

of these produL-ts, it is divided into two kinds,

the vinov's and acetous fermentation.

We are indebted to M. Fabroni of Florence,

for the f?rst accurate ideas on the subject of

vinous fermentation. To this able chemist was

adjudged the prize by the Academy of Flo-

rence, in 1785, for his memoir on the art of

making; v ine. This work was afterwards pub-

lished by himself.

This shews that the grape is composed of



APPLIED TO THE ARTS. 511

two separate substances, which can only be in-

timately combined by fermentation.

One of those substances is of a saccharine

nature^, and exists in the small cells lying be-

tween the centre and the exterior covering.

The other is a vegeto-aniii^.a! substance ana-

jagous to the gluten of wheats and which is

found in the membranes which divide the

small cells, in which are deposited the various

liquors,

M. Fabroni has ascertained that the juice cf

the grape deposits by rest a matter which con-

stitutes one fifth of its bulk. He adds, that by

exposing the juice to a strong heat, we mav
give consistency to this principle, and that thus

the juice may be entirely separated from it by

the filter.

He proves, that when the juice is complete! v

deprived of this principle, it is no longer sus-

ceptible of fermentation, and that we can only

restore to it the property of fermenting by re-

dissolving in it a portion of this principle.

M. Fabroni has moreover observed, that the

glutinous principle of wheat can supply the

place of this sediment or the vegeto-animai

gluten, of which we have spoken ; he has made
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the same observations respecting the juice of

plants wliich become inspissated bj heat^ and

on the flowers of elder which contain the same

principle.

He has shewn that the frothy matter thrown

up during' the vinous fermentation, and the

yeast from beer have the greatest affinity with

this vegeto-animal matter.

M. Thenard has made similar experiments

on the juice of the gooseberry, on that of cher-

ries, and several other fruits.

Hence the fermentative principle may be re-

garded as a vegeto-animal substance.

From the experiments of M. Seguin it re-

sults, that a slight diflerence prevails between

yeast and the ferment of fruits. Yeast is so-

luble when digested with warm water, and its

solution ferments with sugar ; whereas the fer-

ment of fruits is coagulated by heat. Hence

it should seem, that albumen is either not con-

tained in leaveUj or at least in a much less

quantity.

These differences of action indicate modifi-

cations in the nature of the substances^ and

not that they are different in themselves.

The same chemist distinguishes two states in
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the vegetable albumen, the principle of fer-

mentation ; one in which it is soluble as in the

juices of fruits, and the other in which the

fibrous principle is developed and renders the

ferment insoluble. Thus M. Berthollet has

proved that boiled or desiccated yeast enters

into fermentation less readily with sugar, and

that gluten ferments more promptly when there

has been added to it a small quantity of tar-

tar, &c.

Hence then we may regard this vegeto-

animal matter as the germ, or the principle of

fermentation. When this matter is mixed

with a saccharine principle, either naturally or

artificially produced, fermentation takes place.

There is separated much carbonic acid gas,

which tises in bubbles from every part of the

mass, and escapes at the surface ; the liquor be-

comes turbid, gradually loses its saccharine

qualities, and acquires a vinous odour and

taste. During this process a frothy mass forms

on the surface ; a ropy matter is precipitated,

and the liquor becomes clear ; the fermentatioti

then abates, but may be restored by agitating

the liquor.

The frotli and sediment are mostly composed

VOL, IV. L L
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of the vcgeto-animal part ; the lees themselves

are formed almost entirely of it. Rouelle ob-

tained a considera'!>]e portion of ammonia from

this last substance, and M. Prouj^t has demon-

strated that the greatest analogy exists be-

tween it ind animal matters.

When vinous liquor settles or is clarified,

fermentation can scarcely be produced ; it may

even be abated when at its height by filtering

the must or wor<^ ; and again established at

pleasure by re-diffusing in the liquor the fer-

ment which remains on the filter.

From these facts M. Berthollet concludes,

that the ferment is much more active when

only suspended in the liquor than when dissolv-

ed in it.

From the calculations of Lavoisier on this

subject we learn, than 100 parts of sugar con-

sumed only l-72nd of dry yeast ; that it pro-

duced a little more than 35 parts of carbonic

acid, and that vinous liquor gave nearly 58 of

alcohol.

By an accurate attention to the phenomena

exhibited during the process of vinous fermen-

tation, we perceive the reciprocal action of two

substances, the ferment and the sugar. The
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first effect of this action, viz. the formation

of carbonic acid, which continues to be pro-

duceH *'i\\ towards the end of the process, iig

toc> evident to escape notice.

The sabtractson of the oxygen and carbon

w^liicli is a necessary effect of the production of

this acid, must render the hydrogen predomi-

nant, and the fermenting mass must reach that

point when nothing remains but an inflam-

mable Hquor. This necessary effect of the fer-

mentation is so much the more easily con-

ceived, as suo-ar contains 0,64 of oxv2:cn, ac-

cording to the calculation of Lavoisier.

From the above principles it is evident that

a difference of the proportions between the

yeast and sugar, must produce the greatest dif-

ference in the product.

The most perfect fermentation must be pro-

duced when the proportions between these two

principles are such, that at the termination of

the process there remains neither sugar nor

yeast.

But if either the one or the other predomi-

nate in the natural and origmal composition of

the grape, the fermented liquor will exhibit

ll2
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characters with sviiich it is proper to be ac-

quainted.

• \\ hen the sui^ar is in excess, all the yeast is

coDsuraed witliout the liquor losinif its saccha-

rine tastCj ^o that a portion of sup:ar remains

dissolved in the spiritous liquor after the fer-

mentation, anu gives a saccharine taste to the

mass; this is particularly observable in those

\vines produced from the sweetest grapes.

There is no danger of these saccharine wines

becoming sour, not only because the fermen-

tative piinciple is exhausted, but because the

sugar acts in some measure as a condiment to

the liquor.

Vi hen on the contrary the vegeto-animal

par.t predominates, it is found ne(essary to stop

the fermentation as soon as the suj: ar is con-

sumed, as otherwise the liquor would become

sour, by the action of the Icven on the oiher

substances contained in it.

It is common to stop the fermentation by de-

cantiiig t;u> clear wine from the lees, by clarify-

ing it with isinglass, by sulphuretting it, corking

with care the vessels in which it is contained,

and placing them in a cool situciti(m.
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The intention of all tlese processes is to ex-

tract the remaining leven, to moderate its ac-

tion, or to produce in it a state of ccagr.iution,

in order to diminish its effect.

The above theoiv respecting spiiituous fer-

mentation, nauiraliy leads us (a that of aceii-

lication, because as toon as the saccharine prin-

ciple is absorbed, if anv leven remains in ihc

liquor, it unites with the other principles raid

produces acetic acid.

Hence it follows, Ihat if the yeast be added

in too great a pro ortion to a decocti -n of rje

flour, the fermentalion, afiei- i)aving develop! d

the small portion of alcohjl furiiishcd bj^he

miiute quantit} of sugar conlaincd in the rye,

will afu.r\vards reiser the rcr ;ientmg mass

sour. The ft)llowi ijr exp^iiaient leavi'S no

room for hesitation on this subject

I took a portion of rye flour, and formed it

into a paste with cold water, and afterwards

gradually diluted this paste v ith boiling water

to the consistence of pulp, which felt under the

sp'dtula like syrup I carefully mis'gled this

substance with yeast in the proportion of 2 to

the 100.

The mixture soon began to swell, and dis-
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engaged much carbonic acid ; but at the end of

a tew hours its motion became lessened.

The liquoi exhaled the odour of alcohol.

I then agitated the mixture, which acquired

in the course cf a few hours a decidedly acid

character. Every day during a fortnight, the

acidity augmented, particularly if care was

taken frequently to shake the mixture.

The fermentation of grains differs very little

from that of the juice of grapes; and in the

approximation of this last we have a confiruia-

tion of the principles already mentioned.

Sugar does not exist in grain, or if it does

exist, it is in too small a quantity for us to

hope to obtain the products of the vinous fer-

mentation, when it is fermented without pre-

vious germination.

Germination evolves the saccharine principle

in all kinds of grains, since as M. Th. de Saus-

sure has shewn, carbonic acid is produced dur-

ing this operation, from a combination of the

oxygen of the atmosphere with the carbon of

the grain, so that by the subtraction of a por-

tion of the carbon, the saccharine principle is

formed.

But the decomposition of the grain ought to
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be slopped when it has reached this state^, if

we wish to obtain true vinous fermentation ;

because a ter this first state of jj-ermiiiation, the

in( lease of the plant, and the ulterior decom-

position of the giain^ when it is not put into

the earth, destroys the su/^ar and gives birth to

other |:rinciples. Thus, in breweries, after

having produced the germination of the grain

by moistening it with water, its progress is

stopped by exposing the grain to a heat of from

heiw een 40 and 42 degrees, until it be perfect-

ly dry. It is then ground and all the soluble

principles afterwards extracted by pouring

above it warm water, at first of 40 or 45 de-

grees and then at SO ; these different infusions

are then boiled for two or three hours with

hops, afterwards transfer it into a vat, and

add fresh yeast in the proportion of one ounce

to 160 lbs. of the infusion. It is left to fciinent

until it sinks down, after which it is taken out

of the vat, and allowed to throw up the froth,

which consists of yeast mingled with a little

of the beer, highly impregnated with hops,

which has no longer a sour or austere taste.

The hops answer two purposes in this ope-
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ration ; ihey prevenf the developement of the

a (id fcrnientation ; and rommunicate an a2:iree-^

aide flavour to the beer. We have already

mentioned, under tlie article vine£»;ar or acetic

a' id, that i'{ order to produce £;ood vinegar

from beer, it is necessary to ferment the grain

without the aclditiua of hops.

F I N I S,

T. Gillet, Printer, Wild-court,
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